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SYNCOM ELECTRONIC PARTS RELIABILITY CONSIDERATIONS

Summary

This report very briefly describes the Syncom I Satellite
and the manufacturer's parts reliability program, and lists the
electronic parts used in its construction.

Spacecraft Description (IXdﬁi/

a) General

The Syncom 1 Spacecraft was developed to demonstrate the
feasibility of a "stationary" satellite which permits con-
tinuous communication between widely separated points on the
surface of the earth. The satellite is placed in a circular
orbit having precisely the same rotation period as the earth,
and in a plane inclined about 33° from the equatorial plane.
The satellite remains substantially at the same longitude, at
a distance of about 22,750 nautical miles from the center of
the earth, and oscillates about 33° north and south of the
equator.,

The satellite is equipped with a hydrogen-peroxide fueled
pulse-jet system which can be controlled by ground command to
achieve the exact orbital period, attitude, and position
desired. A compressed nitrogen system is provided as a fine
control for making small orbital and attitude corrections.

In the event of failure of the nitrogen system, control can
be maintained with the peroxide system alone. The peroxide

system is capable of a total correction (sum of all velocity
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changes) of about 350 ft./sec. and the nitrogen system capac-
ity is about 40 ft./sec.

b) Communications System

The communication system consists of 2 redundant frequency-
translation transponders each of which receives signals on two
different carriers (7445.275 and 7447.000 Mc/s) and retransmits
these signals on two lower carrier frequencies (1886.275 and
1888.000 Mc/s), with a nominal total output power of 2 watts.
Each channel has a bandwidth of 500 Kc/s. In addition a
reference c.w. signal (1881.953 Mc/s) derived from the satellite
master oscillator is transmitted for use as a beacon and for
range and range-rate measurements.

c) Telemetry System

The system consists of two redundant 136 Mc/s transmitters
and encoders to transmit propulsion gas pressures, various
temperatures, voltages and currents, solar aspect sensor outputs,
and pulses to verify execution of commands controlling valves
in the propulsion systems.

d) Command System

Two redundant 148 Mc/s command receivers and a decoder
containing redundant tone filter channels receive and .decode
commands which turn communications receivers and transmitters,
and telemetry transmitters and encoders on and off as required.

Commands also control the valves to pulse the jets of the

peroxide and nitrogen propulsion systems.




e) Control System

The control system provides a means of adjusting the
orbital velocity of the spacecraft to achieve the exact
synchronous orbit and position relative to the earth. It
also provides for adjusting the orientation of the spacecraft
axis so that the communications antenna beams are directed
toward the earth. The control system consists of two units,
the Hydrogen Peroxide System, and the Nitrogen (cold gas)
System. Each has a radial jet for producing translation of
the spacecraft, and an off center axial jet for producing a
torque for changing the orientation of the axis. The jets
are pulsed by ground control through the command system.

The aspect of the spacecraft is determined by pulses
received via the telemetry system from an array of 5 sun
sensors. Four of the sensors indicate angular position about
the spin axis relative to the sun line, while the signal
from the fifth, in conjunction with the signal from one of the
others gives the inclination of the axis.

In order to change the velocity of the spacecraft the
radial jet (which has its thrust line throu%p the center of
gravity) is pulsed at the appropriate time during each
revolution of the spacecraft by signals generated by the

ground support equipment. An alternate mode is provided as
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a back-up to be used if the normal system fails. This permits
direct pulsing of the jets by signals from the sun sensors, the
appropriate sensors being selected by ground command.

In order to change the orientation of the spacecraft axis,
one of the off-center axial jets is pulsed in a similar manner.
This causes a small change in the orbital velocity, but a cor-
rection can be made for this if necessary by using the radial
Jjets.

Power Supply System

The power supply consists of an array of silicon P on N
solar cells protected by .006 in. glass, and mounted on the
cylindrical surface of the satellite structure. A nickel-
cadmium battery (17 watt hours) is provided to supply power
during earth-shadow periods, and to provide the high peak
current required during the launch sequence for igniting the
rocket motor. The battery consists of two parallel strings
of cells, each with its own charge current control. A diode
isolates each string from the power bus in the event of
failure.

Two redundant regulators supply the command receivers
and decoders.

Separate voltage regulators, which also function as
switches, supply power to each telemetry transmitter, each

encoder, each communications receiver and each communications
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transmitter. The regulators are turned on and off as required
by signals from the command system.

The power supply is designed to maintain continuous
operation of one communication system with 15% degradation of
the solﬁr cells.

Propulsion System

The Syncom I is designed to be launched into an elliptical
transfer orbit by a Thor-Delta vehicle. A solid propellant
"apogee kick motor' attached permanently to the spacecraft is
fired by a preset timer or a command signal at or near the
apogee of the transfer orbit to add the velocity necessary for
a circular synchronous orbit,.

Parts Reliability Considerations

Standard Electronic Parts

All "standard" electronic parts used in spacecraft are
purchased to specifications prepared by the Hughes Aircraft
Company from vendors qualified by Hughes. These are based
on military specifications, but are more comprehensive, and
include requirements for demonstration of the suitability of
the part for operation in a space environment. Examples of
such a specification are given in Appendix I.

All parts are subjected to thorough incoming inspec-
tion, are assigned Hughes part numbers, and are placed in a

bonded store.



Special Parts

Special electronic and electro-mechanical parts for
which no background reliability information is available are
given an extensive series of tests to provide as much
reliability information as possible in the available time.
The traveling wave tube, antenna switching relay, and jet
valves for the propulsion system have been thoroughly tested.

For example, in order to estimate the reliability of the
traveling wave tube, accelerated life tests were performed
by operating some sample tubes at heater power (and therefore
cathode temperature) considerably above normal. Other tubes
were operated at normal voltage as a control. Some tubes
remained on life test for almost one year., The tubes were
also tested at vibration levels considerably exceeding those
expected during launch.

In the case of the antenna switching relay and jet valves,
a test plan was carried out to determine the effects of pro-
longed exposure to the space environment on these devices
since there was danger of '"cold-welding'" of contacts, or
excessive friction between moving parts. Relays designed for
R.F. switching were found to be unsatisfactory from a reliabil-
ity standpoint, so a standard D.C. type relay was adapted
for this function, and successfully passed the environmental

and life tests.




Parts List

Appendix II is a list of Electronic Parts used in
Syncom I. This list is reproduced from Syncom I Reliability
Report #3 - March 1963 - published by the Hughes Aircraft
Company, and shows the parts used in each subassembly.

Appendix III is a summary of the list in Appendix II,

showing only the total number of each type of part used.



Appendix I

Examples of Manufacturer's Parts

Procurement Specifications




1. SCOPE

1.1 This specification covers ultra-fast switching, silicon diodes for which
special recuirements (including a 100-percent screening, 2l0~hour intermittent life
test) are imposed to assure performance reliability in the space and lunar environments
for which the diodes are intended,

1.2 Maximum Ratings

AT Ty = 25° C AMBIENT TEMPERATURE ALTITUDE
VR To VF ir P RANGE (°C)
(1) | AT Ip = 20 madc OPERATING STORAGE |
_(vde) | (made) (vae) (made) | (mW (FEET)
50 75 1.0 225 | 250 | -65 TO +175 |-150 TO +175[ UNLIMITED

m'l‘his average rectified output current, which is specified at an ambient tempera-
ture of 25° C, is for an expected life equal to or greater than 1,000 hours. For
current derating at ambient temperatures higher than 25° C, see Figure 1.

2. APPLICABLE DOCUMENTS

2.1 The following documents of the latest issue in effect shall apply to this
specification to the extent specified herein:

MIL-STD-202 Test Methods for Electronic and Electrical Component Parts
MIL-S-19500 Semiconductor Devices, General Specification for
3. REQUIREMENTS

3.1 General.- The diodes shall meet the requirements specified in Tables II
through IV of this specification.

3.2 Marking.- The body of each diode shall be clearly marked with the manufac-
turer's name and/or trademark and with either: (a) +the manufacturer's part number and
a stripe (or other suitable designation) to identify the cathode, or (b) conventionally
coded color stripes near the cathode end identifying the numerical portion of the
manufacturer's part number. Marking shall remain legible after all tests.

3.3 Lead Material.- The lead material shall be standard-type Dumet, flashed
with gold.

3.4 Instability.- During the test specified in L.l4.3.1, no instability shall
be displayed by the oscilloscope trace of the reverse characteristic.

3.5 Hard-Vacuum Environment.- Following the test specified in h.h.3.2, the diodes
shall show no evidence of physical damage. Based on a statistical analysis, there shall
be no significant differences, at the 90~-percent level of confidence, between the mean
values of Vg and of Ip after the test, compared to the mean values as measured before
the test.
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3.6 Low-Temporature Zxposure.- Following the test specified in L.L.3.3, the
diodes shall show no evidence of physical dama,e. RBased on a statistical analyvsis,
there shall be no significant differences, at the 90-percent level of confidence,
between the wmean values of Vp and of IR after the test, compared to the mean values
as measured before the test.

3.7 Sterilization Capability.- Zach part shall be capable of withstanding two
3b6-hour cycles of exposure to a temperature of 125° C, and a 2L~hour exposure to an
atmosphere consisting of a mixture of 12 percent ethylene oxide and 88 percent
trichlorofluoromethane (Freon 12) by weight, at a temperature of 37.8° C and a relative
humidity of 30 to 50 percent, without degradation of applicable performance requirements.
(Tre parts shall not be sterilized before shipment.,)

3.8 <Cleanliness.- The diodes shall be delivered with the surfaces clean and
free of o0il, grease, or particle contamination.

3.9 Screening Tests.- All diodes shall have been subjected to the 100-percent
screening tests specified in Table II.

L. QUALITY ASSURANCLE PROVISIONS

h.1 Classification of Tests.- The inspection and testing of the diodes shall
be classified as follows:

(a) Qualification tests. (See L4.2.)
(b) Acceptance tests. (See L.3.)

L.1.1 Additional Tests.- Nothing shall prevent the manufacturer from taking
such additional samples and performing such additional tests as he may deem necessary
or desirable to assure conformance to the requirements of this specification. Additional
tests may be conducted by Hughes Aircraft Company to verify data submitted by the
manufacturer,

L.2 Qualification Tests.- Hughes Aircraft Company is responsible for the perform-
ance of the specified qualification tests. These tests, which shall consist of all
Group A, B, and C tests specified in Tables II, III, and IV, will be conducted by, or

at a laboratory designated by, Hughes Aircraft Company, to determine whether the diodes
meet the recuirements of this specification.

L.2.1 Qualification Test Sample and Routine.,=- The total qualif%cation test
sample, consisting of 30 specimens which have not been previcusly subjected to the
intermittent life test by the manufacturer, shall undergo all the tests of Gr9up A,
Subgroups 1 through l, specified in Table II (see page 8). Ten of these specimens
shall then be subjected to the tests specified in Subgroups 1 through 5 of Group B,
Table III, Diodes from this group of 10 which have not catastrophically fai}ed the
Group B tests shall be recombined with the remaining 20 specimens, The combined sample dJ
shall then undergo the Group C tests specified in Table IV, All tests shall be perfcrme
in the order indicated in Tables II, III, and IV,

L.2.2 Post-Test End Points.~ The designated end-point tests shall be performed
after each qualificetion test specified in Subgroup'lL of Group A and Subgroups 2, 3,
andli of Group B; and after eech test of Group Ce
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lie3 Acceptance Tests.,- The menufac’.arer is responsible for performing all

specified acceptance tests before the parts are shipped to Hughes Aircraft Company. The
Croup A acceptance tests shall be performed as specified in Table II, on each part
number ordered, The Group B acceptance tests shall be performed cn parts selected from
each homcgeneous populaticn (menufacturing lot) from which parts had been drawn for the
Group A acceptance tests, The Group B tests may be perfcrmed on any part number listed
in the part-number tzble., (The Group C tests of Table IV shall not apply.) Tests
within each subgroup shall be conducted in the order specified,

hie34l Test Equipment and Facilities.- The manufacturer may use his own or any
other laboratory fzcilities approved by Hughes Aircraft Company. The quality of the
facilities and the accuracy of the equipment shall be sufficient to assure performance
of the Group A and B acceptance tests within the specified requirements.

Lie2.2 Acceptance Test Sample Selection

Le3.2.1 100-Percent Screening Tests,~ All diodes supplied against this specifi=
cation shall be subjected to the 1l00-percent screening tests specified in Subgroups 2
through 4 of Group A.

Lie3.2,2 Sampling Tests.~ The number of specimens selected for the remairing
acceptance tests (Subgroup 1 of Group A and Subgroups 1 throngh 5 of Group B) shall be
that minirum sample size listed in Table I necessary to assure, with 90 percent confi-
dence, the Lot Tolerance Percent Lefective (LTPD) specified in Tables II and III.

Le3e2.3 Small Lot Procurement,.- If the size of the lot shipped against one
purchase order, for each part listed im the part-number table, is less than the minimum
cemple size specified in Table I, acceptance tests for that lot shall be limited to
the Group A tests only, all of which shall be performed on a 100-percent inspection basis

Li.3.3 Scréening-Test Rejections.~ Defectives found during the 100-percent
screening tests (see Lo3.2.1 and L.3.2.3) shall be eliminated from the lot,

h.3.4 Sampling-Test Procedure

he3.k.1 Additicnal Samples.,- After the tect has started, an additional quantity
of specimens may be added to the initial sample, but this may be done only conce for
any subgroup and the added specimens must be subjected to all the tests within a sub-
group, The final total sample (initial and added specimens) shall determine the new
acceptance numter, The total defects of the initial and additional samples shall be
additive and must comply with the specified LTFD,

he3.4.2 Tightened Inspecticn.- Tightened inspection may be instituted on lots
that have feiled acceptance, Tightened inspection is obtained by testing to an LTPD
equal to, or less than half the specified initial LTPD, A lot which fails tightened
inspection shall not be retested and shall not be shipped to Hughes Aircraft Company.

Lie3.lie3 Disposition of Sampling-Tect Specimens.~ Specimens which have been sube
jected tc the destructive tests of Group B shall not be shipped to Hughes Aircraft
Company,

ie3.5 Post-Test End Points.~ The designated acceptance-test end points shall be
measured after the intermittent life test specified in Subgrouo L4 of Grour A, and after
corpletion of all specified tests in each of Subgroups 2, 3, and L of Group E. -
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TABLE I

MINIMUM SIZE OF SAMPLE TO BE TiSTED TO ASSURE, WITH A 90 PZRCENT
CONFIDENCE, A LOT TOLERANCE PSRCENT DEFECTIVE (LTPD) OR LIFE-
TEST FAILURE RATE ( A ) NO GREATER THAN THAT SPECIFIED

ACCEPTANCE | MAXIMUM LOT TOLERANCE PERCENT DZFECTIVE (LTPD)
NUMBER (a) OR _LIFE-TEST FAILURE RATE (A)
(T35 [ 30 [ 7 | 5 1 3 | =2
(r=a+1) MINIMUM SAMPLE SIZES |3)
0 15 22 32 L5 76 116
(0.3L) | (0.23)](0.16) | (0.11) { (0.07) | (0.0OL)
1 25 38 B 71 129 165
(1.Lh) ] (0.9L)1(0.65) | (0.L6) 1 (0.28) | (0.18)
2 3L G2 75 105 176 265
(2.24) 1 (1.6) [(1.1) | (0.78) | (C.k7) | (0.31)
3 L3 65 9L 132 221 333
(3.2) [(2.1) 1(1.5) | (1.0) [(0.62) | (0.L1)
L 52 75 113 158 265 398
(3.9) [(2.6) {(1.8) | (1.3) |(0.75) | (0.50)
5 60 91 131 18l 308 L62
(l) 1(2.9) 1(2.0) | (.L4) | (0.85) | (0.57)
6 68 10l 1L9 209 3L9 526
(L.9) 1(3.2) [(2.2) | (1.6) ] (0.9L) | (0.62)
7 77 116 165 230 390 589
(5.3) 1 (3.5) 1(2.L) | (0.7) | (0.0) (0.67)
B 8BS 128 1804 28 L3T GLB
(5.6) 1(3.7) [(2.6) ] (1.8) | (3.1) (0.72)
9 93 1L0 201 282 L7l 709
(6.0) | (3.9) 1(2.7) | (2.9) | (1.2) (0.77)
10 100 152 718 306 oI1 o |
(6.3) | (L.1) {(2.9) | (2.0) | (2.2) (0.80)

The life-test failure rate, lambda (A ), is defined as the
LTPD per 1,000 hours.

The minimum quality (approximate AQL) required to accept,
on the average, 19 of 20 lots is shown in parentheses for
information only.
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4.3.6 Certification.- The supplier shall certify with each shipment that:
(2) The acceptance tests specified in L.3 have been performed.
(b) The diodes meet all the specified requirements,

(¢c) The shipment does not contain dicdes from a production lot that has
failed tightened inspection (see L.3.4e2).

Any deviations from this certification instruction shall be explained in detail
in writinge

Le3.7 Data Submittal.,- Within two weeks after shipment of the diodes, the
mamufacturer shall forwarc to Hughes Aircraft Company the follcwing data, which shall
te certified by a responsible company official:

(a) Test Records.- Complete records of all the acceptance tests
performed by the manufecturer or his designated agency. The
data supplied shall be veriables data, unless specifically
weived by Hughes Aircraft Company. It shall be reported in a
mammer that will facilitate following the behavior of each
specimen from the beginning to the emd of each test, and shall
include explanatory comments which will aid in evaluvating any
umisual or abnormal events that may have occurred during the tests,

(b) Test~-Equipment Report.- A detailed report identifying the test
equipment by manufacturerts name, model rnumber, and instrument
calibration date.

(c) Quality-Control Documentation.- Evidence that conclusively
shows that the mamufacturer ermploys a recognized statistical
quelity-control procedure, This requirement is not to be
construed as including proprietsry information, The infcrma=-
tion shall be submitted only with the initial order and need
be resubmitted only after the manufacturer has made a signifi-
cant change in the procedures.

At least three copies of the data and report shall be sent to the procurement
activity of Hughes Aircraft Company. Two of the copies shall be enclosed in a separate
sealed envelope marked: "Attention: Components Department, M.S. D-147, Hughes Aircraft
Company." The data forwarded under subparagraphs (a) and (b) above shall be marked
"Code RA-1"; that submitted under subparagraph (c) shall be marked ®Code RA-2."
Acceptance of the shipment of parts shall be contingent upon acceptance by Hughes
Alreraft Company of the data submitted.

h.h Methods of Examination and Test
b.4.1 Standard Test Conditions.- Unless otherwise specified, all measurements

and tests shall be performed at ambient pressure and humidity, and at an ambient
temperature of 25° C #3° C, with no direct draft on the diodes.
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L.Lh.2 MIL-S-19500 Tests.- The tests described in 30.1, 30.2, 30.6, 30.9, 30.13,
Lo.1, L0.5, L0.6, L0.7.5, 0.8, L40.10, 40.13, LO.1h, L0.16, LO.18, L40.20, 60.1.4, 60.1.8,
60.1.10, and 60.1.11.2 of MIL-S-19500 Appendix C, shall apply to these diodes, with the
following exceptions and modifications:

(a) Detail Recuirements.- References throughout to 3.1 of MIL-S-19500
shall be construed as pertaining to Tables II, III, and IV of this
specification.

(b) Visual and Mechanical Examination.- In 30.13 of MIL-$-19500,
Appendix C, the reference to 3.8 shall not apply. The marking
shall be as specified in 3.2 of this specification.

(¢) Barometric Pressure, Reduced.- In 40.1 of MIL-S-19500, Appendix C,
the diode shall be electrically insulated from the test chamber, but
a heat sink is not reguired. Using the oscilloscope waveform, IR
shall be monitored to observe any sudden variations indicating
deterioration of the diode under test conditions.

(d) Lead Fatigue.- Devices subjected to the lead-fatigue test (LO.5 of
MIL~S5-19500, Appendix C) may be selected from those which fail Group A
and B inspection.

(e) Moisture Resistance.- In L0.6 of MIL-S-19500, Appendix C, subpara-
graph (a) shall be omitted.

(f) Intermittent Life.- All diodes shall be subjected to the intermit-
tent life test (40.7.5 of MIL-S-19500, Appendix C) for a total period
of 240 hours. The test current specified in Table II shall be applied
intermittently, 15 minutes on and 5 minutes off. Following the test,
the diodes shall be subjected to the end-point tests specified. The
lot shall be acceptable if not more than 5 percent of the lot fails the
test. Diodes (from acceptable lots) that have failed this test shall be
eliminated from the lot but shall be preserved and shall be shipped to

Hughes Aircraft Company in clearly marked, separate packages (see 5.1.2)
for further study.

(g) Shock.- In 40,10 of MIL-S-19500, Appendix C, the test shall be
performed with the diode not operating. The diode shall be subjected
to.five 500-G shocks in each of two directions along each of three
mutually perpendicular axes (total of 30 shocks). The shock duration
shall be approximately 1 millisecond.

(r) vibration.- 1In 40.18 and 40.20 of MIL-S-19500, Anpendix C, the tests
shall be performed with the diode not operating. The peak acceleration
shall be 10 G (instead of 20 G).

L.L.3 Supplementary Tests

b.h.3.1 Instability.- The device shall be swept through the reverse characteristic
to 500 uAdc and the trace displayed on an oscilloscope. At the same time, the device
shall be subjected to shocks with a minimum peak acceleration of 50 G, at a rate of 20
shocks per second for 2 seconds. (An acceptable alternative shock procedure may be

?ubstitutgd.) The reverse trace on the oscilloscope shall be observed for instability.
See 3.L.

4.4.3.2 Hard-Vacuum Environment.- Before the tast, the forward voltage and reverse
currents of the recombined oualification test sample (see 4.2.1l) shall be measured as
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specified, under standard test conditions. The diodes shall be placed within a suitable
container, which shall be evacuated to a pressure of 10-7 millimeters of mercury, or
below, The pressure shall be maintained at 10-7 millimeters of mercury, or below, for
48 hours. The diodes shall then be removed from the container, shall be examined for
physical damage, and the forward voltage and reverse current measured again. The data
shall be plotted on Keuffel and Esser number 359-23 probability paper, and the results
analyzed ststistically. (See 3.5.)

b.h.3.3 Low-Temperature Exposure.~ This test may be performed simltaneously
with the hard-vacuum environment test specified in L.l.3.2; otherwise it shall be
performed on all gqualification-test specimens which have survived that test without
catastrophic failure. The diodes shall be mounted or suspended on thermal insulators
and shall be placed within a metallic container, with the body of the diodes at least
1 inch away from the inner surface of the container. Connection leads shall be brought
out of the container from the terminals of 6 of the diodes, and a thermocouple device
shall be attached to the surface of cach of these diodes, within the container, to
monitor the temperature. The temperature of the specimens shall be gradually reduced,
at a rate not exceeding -70° C per hour, until it has reached at least -150° C, or as
near that of liouid nitrogen (-196° C) as can be attained. During the entire cycle of
low-temperature exvosure, the & specimens to which the leads have been connected shall
be operated at the specified rms voltage, and the rectified output current shall be
measured at the following temperatures: -45°, -115°, and the lowest temperature attained.
The temperature of the specimens shall be maintained at -150° C, or below, for 48 hours,
and shall then be gradually raised, at a rate not exceeding 70° C per hour, until it
has returned to roo #mtient conditions., The rectified output current shall be measured
again at the lowest temperature attained, at -115° C, and at ~-U5° C, on the ascending
cycle. The di~des shall be removed from the container, shall he examined for rhysical
damage, and the forward voltage and reverse current shall be measured. The
data shall be.plotted on Keuffel and Esser number 359-23 probability paper; and the
results analyzed statistically. (See 3.6.)

h.lio3.h Sterilization Capability
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TABLE II.- GROUP A QUALIFICATION AND ACCEPTANCE TESTS AND REQUIREMENTS
(4] TEST TEST CONDITIONS LTPD STM LIMITS UNIT
—PARA- (PERCENT | BOL | MIN | MAX
GRAPH DEF)
Subgroup 1
30.13 Visual and Mechanical | See #l,L4.2(b) 5.0 - (See #3,2) -
Examination (except
30.9 of MIL-5-19500)
Subgroup 2
60.1.4 Forward Voltage Ip = 20 mAde ™ Vp - 1.0 Vde
60,1.10 |Reverse Current VR = =50 Vde I - 0.1 pAde
30.1 Breakdown Voltage Ip = -5.0 pAde &. BV 7l - Vde
1
30.2 Capacitance Vg = 0 ig(s)zec- c - 1.0 f‘ara%2
f=1.0me tion x10
60.1.11.2{Reverse Recovery Time | Ip = 10 mAdc trr - 2 sec
VR = -6.0 Vde x10-7
Ry, = 100 ohms
#l.04.3.1 ;Instability ) (see #3.L)
Subgroup 3
30,6 High-Temperature T, = 150° +3° C | )
Operation
. > 100%
Test Point: inspec-
60.1.10 Reverse Current VR = -50 Vdc ) tion Ip - 100 phde
Subgroup 4
40.7.5 |Intermittent Life Ty =25°3°C | ) - _—| - _—
Vae = 30 Vrms
R = 200 ohms
240 hours 100%
See *L.4.2(f) inspec-
tion
End Points:
60.1.4 Forward Voltage IF = 20 mAdc Vg -— 1.1 Vde
60.1.10 Reverse Current Vg = -50 Vdc B Iz - 0.2 pAdc

See footnote, page 11
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TATLE IIT.~ GROUP B QUALTFIC"TION AND ACCEPTANCE TFSTS AND REOUIRTMENTS

i4] TEST TEST CONDITIONS LTPD SYM-1| LIMITS UNIT
- (PTRCENT | BOL | MIN | MAX
GRAPH DFF) l
Subgroup 1
30.9 | Physical Dimensions - [ 10,0 [ — |[{See Fig.2) | —
Subgroup 2
L0.13 Soldering - - — ] o= | -
Lo.1L Temperature Cycling MIL-STD-202,
Method 102,
Condition C,
except Step 3 high
temgerature = }10.0
175° £3° C;
S cycles
L0.6 Moisture Resistance Seetl L.2(e) - - -] -
Fnd Points:
(Same as for Sub~
group L, Table II) )
Subgroup 3
Lo.10 Shock Seel . L.2(g) 3 - e | we | =
L0.18 Vibration, Fatigue f = 60 cps - | -] -
Seettl; 1,2 (h)
Lo.20 Vibration, Variable Seétl . k.2 (h) >10.0 - -— - | -
Frequency
k0.16 Thermal Shock Ty =100° C - —| == | -
To=0°C
Fnd Points:
(Same as for Sub~
group L, Table II) _J

See footnote, page 11
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TABLE IIT (COMTINUED)

@) ST | TEST COMDITIONS LTPD SYM- | LI¥ITS UNIT
PARA- | (PFRCENT | BOL [ MIN | MAX
GRAPH | DFF)
Subproup b
Lo.1 Barometric Pressure, VR = =50 Vde N - - - -—
Reduced (60 seconds opera-
tion)
Pressure =
0.315 inch Hg
Seeli.Lh.2 (c)
Lo.8 Salt Atmosphere L8 hours 10,0 - - - -
(Corrosion)
End Points:
(Same as for Sub-
group L, Table II) )
Subgroup 5
Lo.5 Lead Fatigue SeeL . .2 (d) 10.0 - - - -
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TABLY, TV.~ GROUP C TESTS AVD RFOIRENENTS (CYYALIFICAT'IO“I ONLY) .
{4} TEST TEST CONDITINNS LTPD SYM- LTMITS | UNIT
ARA- (PERCFNT | BOL | MIN MAX
GRAPH DFF) ‘
Pre~Group C Measure-
ments:
(Same as Suberoup L,
Table II, end points)
*hJi.3.2 | Hard-Vacuum Environ- Pressure = 10~/
ment rm Hg or below;
L8 hours
Fnd Points:
(Same as for Sub- (See #3.5)
group L4, Table II)
#h21,3.3 | Low-Temperature Reduce Ty at rate
Exposure not exceeding
=70° C/rour to
=150° C or below;
maintain at lowest
temperature for
L8 hours; then
raise Ty at same
max rate to 25° C
Test Point (6 speci-
mens only):
60.1.8 Average Rectified Vac = 30 Vrms I,
Output Cwrrent Ry =200 cms
(MeasureIo at
-L5°, -115° C, and
at lowest tempera-
ture attained, on
both descending
and ascending cydles)
End Points:
(Same as for Sub- (See #3.6)
group L, Table II)
i.h.3.} | Sterilization (See #3.7)
Capability

Numbers marked with an asterisk refer to paragraphs in ttis specification; unmarked
numbers, to paragraphs in MIL-5-19500, Appendix C,
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5. PRFPARATION FOR DFELIVIRY
5.1 Packaring

5.1.1 Acceptable Parts.- All acceptable parts shipped to Hushes Aircraft Company
shall be suitably packaped, either individually or in groups of not more than 10 units,
in sealed containers provided with one or more transparent surfaces throuph which a
parts count can be made without removal of the contents, Fach package shall contain only
diodes with the same part number., The large external shipping container, which may con-
tain urit packages of different part number, shall be constructed so as to ensure safe
and undamaged delivery of the parts. Unit packages which are received in a broken or
injured condition will be returned to the supplier as unacceptable,

5.1.2 Failed Specimens.~ Parts submitted for purposes other than for use, such as
specimens that have failed the intermittent life test and are being shipped to Huches
Aircraft Company for further study, shall be packaged as specified in 5.1.1, but with
the additional marking specified in 5,2.2,

5.2 Marking of Packages

5.2,1 Acceptable Parts.- Both the unit packages and the large external shipping
containers shall be clearly marked with the manufacturer's name and/or trademark, the
manufacturer's part number, the lot identification or date code, and with the Hughes
number ‘in parentheses,

5.2.2 Failed Specimens.~ Packapges in which failed specimens (see 5.1.2) are

shipped shall be marked as specified in 5.2.1, and with the following additional mark-
ing: "“TWSTFED SPFCIMFNS. DO NOT USE."
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6. NOTES

MIL-S-19500,

6.1 Definitions, Abbreviations, and Symbols.-
Jare defined in Appendix A, and the abbreviations and symbols are defined in Appendix B of

6.2.1 Current Derating.-

6.2 Application Notes

The terms used in this specification

The average rectified output current is derated as shouwn
in Figure 1, assuming a constant failure rate over the entire derated range.

AMBIENT TEMPERATURE (°C)

FIGURE 1
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6.3 Approval of Marufacturer

6.,3.1 Performance Ability.- The manufacturer shall hawe demonstrated his ability
to supply uniform, reliable products as specified below,

6.3.2 Approval of Military Qualified Products List.= As & minimum requirement,
the capability of the mamufacturer to supply semiconductor devices of the type described
in this specification and in accordance with MIL~S=19500 shall be evidenced by inclusion
of at least one of his products on a Military Qualified Products List.

6.3.3 Process Control.~ The manufacturer shall submit sufficient information
regarding product flow, process control, and any other related data that will establish
hi.s understanding and control of the product,

6.3.Lh Technical Competence.~ The manufacturer shall have demonstrated, by
published articles or other information, that he is aware of the behavior of his product.
Especially pertinent are reliability programs and statistical studies which aid in pre-
dicting failure rates and in determinir~ derating for a~c and d-c stress levels.

6.3.5 Supplementary Information.- Manufacturer acceptability may be determined by
the use of other information, including;

(a) Test data available within Hughes Aircraft Company.
(b) Test data from interservice data-exchange programs (IDEP).

(¢) Previous history of the manufacturer (adherence to delivery schedules,
pricing policy, ete.).

(d) The manufacturer's participation in other high-reliability programs.
(e) Field failure reports.

In recogrition of the variable levels of confidence of the aforementioned items, proper
consideration will be given to their significance.

6.4 Off-Premises Qualification Testing.- When qualification testing is performed
at facilities other than those of Hughes Aircraft Company, the following requirements
shall apply:

6.4.1 Preparation for Shipment.- Tested specimens shall be packaged in the
condition in which they emerge upon conclusion of the final test, and in accordance
with 5.1.2.

6.4.,2 Data Submittal.- Data shall be submitted in accordance with L.3.7, except
that references to "acceptance testing performed by the manufacturer" shall be inter-
preted as "oualification testing performed by the off-premises facility,™ and references
to the manufacturer's cuality-control and production procedures shall not apply.

6.5 Incoming and Receiving Inspection

6.5.1 Preliminary Inspection.-~ In order to verify the shipping manifest, the
incoming-inspection facility of Hughes Aircraft Company shall make a visual count of
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he transparent containers. Packages which are received in

the parts without opening
dition shall te returned to the sender as unacceptable.

&

a brcken or damazed conditi
6.5.2 MNisposition of Studv Specimens.- Containers marked "TESTED SPECIMINS,

DY HOT ISTY shall be forwarded to the Cormponents Department, Hughes Aireraft Company,

Znlver City.

5.5.3 Disposition of Usable Parts.- All other packares containing usable parts
shall be placed in a bonded storage area, together with the accospanying test data,
which shall be suitably identified to correspond with the parts received. Both the
parts and the test data shall be retained in the bonded area until thev have been
released by the Components Department,
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FIGURE 2

PART-NUMBER TABLE
HUGHES FATRCHIID
NUMBER PART NUMEER

X988718-1 ‘

FAIRCHIID SEMICONDUCTOR CORP., MOUNTAIN VIEW, CALIF.

DIA LEAD, LOO MIN LONG, 2 PLACES

X* =2

[ PROCUREMENT BY BUGHES AIRCRAFT COMPANY IS LIMITED TO THE MANUFACTURERS LISTED HEREINS |

(CODE IDENT. NO. 07263)
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1, SCOPE

1.1 This specification covers silicon, NPN, high-power transistors for which
special requirements (including a 100-peroent screening, 2L0-hour intermittent life test)
are imposed to assure performance reliability in the space and lunar envirorments for
which the transistors are intended.

1.2 Maximum Ratings (See 6.1)

| AT T, =25°C [AT T, =25°C|  AMBIENT TEMPERA- ALTTTUDE
HUGHES [ VcEo | VCEX | VERO ORL TURE RANGE (° C)
NUMBER OPERATING STORAGE
98R817- | (Vde) | (Vde) | (Vdc)| (W) (FEET)
1 go . 80 6 Lo 65 TO +175 | -150 TO +175 | UNLIMITED |
2 0 ' 120

This collector power dissipation, which is specified at a case temperature of
25° C, is for an expected life equal to or greater than 1,000 hours, For power
derating at case temperatures higher than 25° C, see Figure 1,

2. APPLICABLE DOCUMENTS

2,1 The following documents, of the latest issue in effect, shall apply to this
specification to the extent specified herein:

MIL-STD-202 Test Methods for Electronic and Electrical Component Parts
MI1-5-19500 Semiconductor Devices, General Specification for
3. REQUIREMENTS

3.1 Generale-~ The transistors shall meet the requirements specified in Tables II
through IV of this specification.

342 Markinge- Each transistor shall be clearly marked with the manufacturer's
name and/or trademark and the mamufacturer!s part mumber., Marking shall remain legible
after all tests.

3.3 Terminal Material.- The teminal material shall be either (a) nickel-iron,
flashed with copper and plated with nickel, or (b) Kovar, nickel-plated and flashed with
gold.

3.4 Hard-Vacuum Enviromment.- Following the test specified in L.k.3.2, the tran-
sistors shall show no evidence of physical damage. Based on a statistical analysis,
there shall be no significant differences, at the 90-percent level of confidence, between
the mean values of Igpp and of hyp after the test, compared to the mean values as
measured before the test.

3¢5 Los-Temperature Exposure.- Following the test specified in L.4.3.3, the tran-
sistors shall show no evidence of physical damage. Based on 8 statistical analysis,
there shall be no significant differences, at the 90-percent level of confidence, between
the mean values of Igpy and of hpp after the test, compared to the mean values as

measured before the test.
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3,6 Sterilization Capabilitye- Bach mart shall be capable of withstandine two
36-hour cvcles of exposure to a temverature of 125° C, and a 2h<hour exposure to an
atmosphere consisting of a mixture of 12 percent ethvlene oxide and 88 percent trichloro-
fluoromethane (Freon 12) by weiesht, at a temmerature of 37.6° C.ana a relative humidity
of 30 to 50 percent, without depradation of aprliczvle rerformance requirements. (The

parts shall not be sterilized before shirment.)

3.7 Cleanliness,~ The transistors shall e delivered with the surfaces clean and
free of oil, erease, or varticle contamination.

3.8 Screening Tests.- All transistors shall have been subjected to the 100-per-
cent screening tests specified in Table I7,

Li. QJUALITY ASSURANCE PROVTSIONE

L.l Classification of Tests.~ The inepection and testine of the trancistors shall
be classified as follows:

(a) 9Jualification tests. (See L.2.)
(b) Acceptance tests, (See L.3.)

helel Additional Tests.~ Nothine shall prevent the manufacturer from takine such
additional samples and performing such additional tests as he may deem necessary or
desirable to assure conformance to the requirements of this specification. Additional
tests may be conduvcted by Hughes Aircraft Company to verify data submitted by the
manufacturer,

L2 Qualification Tests.- Hughes Aircraft Company is responsible for the perform-
ance of the specified qualification testss These tests, which shall consist of all Group
A, B, and C tests specified in Tables II, III, and IV, will be conducted by, or at a
laboratory desicnated by, Hughes Aircraft Company, to detemine whether the transistors
meet the requirements of this specification.

Lo.2,1 qualification Test Sample and Routine.- The total qualification test sampley
consisting of 30 specimens which have not been previously subjected to the intermittent
life test by the manufacturer, shall undergo all the tests of Group A, Subgrours 1 through
5, specified in Table II (see page 8). Ten of these gecimens shall then be subjected tn
the tests specified in Subgroups 1 through 5 of Group B, Table III. Transistors from
this group of 10 which have not catastrophically failed the Group B tests shall be recom-
bined with the remaining 20 specimens. The combined sample shall then underco the Group
C tests svecified in Table IV, All tests shall be performed in the order indicated in
Tables I1I, III, and IV,

L.2.2 Post-Test End Points.- The designated end-point tests shall be performed
after each qualification test specified in Subgroup 5 of Group A and Subgroups 2, 3, and
Li of Group B; and after each test of Group C.

) .3 Acceptance Tests.- The manufacturer is responsible for performing all speci~
fied acceptance tests before the parts are shipped to Hughes Aircraft Company. The
Group A acceptance tests shall be performed as specified in Table II, on each part
number ordered. The Group B acceptance tests shall be performed on parts selected from
each homogeneous population (manufacturing lot) from which parts had been drawn for the
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'Group A acceptance tests. The Group B tests may be performed on any part number listed
in the part-number table. (The Group C tests of Table IV shall not apply.) Tests within
each subgroup shall be conducted in the order specified,

Lo3.1 Test Equipment and Facilities.- The manufacturer may use his own or any
other laboratory facilities approved by Hughes Aircraft Company. The quality of the
facilities and the accuracy of the equipment shall be sufficient to assure performance
of the Group A and B acceptance tests within the specified requirements.

Lhe3.2 Acceptance Test Sample Selection

Le3.2.1 100-Percent Screening Tests,~ All transistors supplied against this
specification shall be subjected to the 100=-percent screening tests specified in Sub-
groups 2 through 5 of Group 4.

Lie342.2 Sampling Tests.~ The number of specimens selected for the remaining
acceptance tests (Subgroup 1 of Group 4 and Subgroups 1 through 5 of Group B) shall be
that minirum sample size listed in Table I necessary to assure, with 90-percent confi-
dence, the Lot Tolerance Percent Defective (LTPD) specified in Tables II and III,

L.3.2,3 Small Lot Procurement,- If the size of the lot shipped apainst one
purchase order, for each part listed in the part-number table, is less than the minimum
sample size specified in Table I, acceptance tests for that lot shall be limited to the
Group A tests only, all of which shall be performed on a 100-percent inspection basis.

Le3.3 Screening-Test Rejections.~ Defectives found during the 100-percent screen-
ing tests (see 4.3.2.1 and 4.3.2,3) shall be eliminated from the lot.

Lhe3.4 Sampling-Test Procedure

Le3.4el Additional Samples.- After the test has started, an additional quantity
of specimens may be added to the initial sample, but this may be done only once for any
subgroup and the added specimens must be subjected to all the tests within a subgroup.-
The final total sample (initial and added specimens) shall detemine the new acceptance
nmumber, The total defects of the initial and additional samples shall be additive and
must comply with the specified LTPD.

h.3.h.2 Tightened Inspection.- Tightened inspection may be instituted on lots
that have failed acceptance. Tightened inspection is obtained by testing to an LTPD egual
to, or less than, half the specified initial LTPD; A lot which fails tightened inspec=
tion shall not be retested and shall not be shipped to Hughes i4ircraft Company.

Le3.ke3 Disrosition of Sampline-Test Specimens.- Specimens which have been sub-
jected to the destructive tests of Group B shall not be shipped to Hughes Aircraft
Company.

L.3.5 Post-Test End Points.- The designated acceptance-test end points shall be

measured after the intermittent life test specified in Swbgroup 5 of Group 4, and after
completion of all specified tests in each of Subgroups 2, 3, and L of Group B.
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TABLE I

MINIMUM SIZE OF SAMPLE TO 3E TESTED TO ASSURE, WITH A 90 PERCENT
CONFIDENCE, 4 LOT TOLERANCE PIRCENT DEFECTIVE (LTPD) OR LIFE=-
TEST FAILURE RATE ( A ) NO GREATER THAN THAT SPECIFIED

ACCEPTANCE | MAXIMUM LOT TOLERANCE PERCENT DEFECTIVE (LTPD)
NUMBER (a) OR LIFE-TEST FAILURE RATE (A)
15 | 10 | 7 5 T3 1 2
(r=a+1) MINIMUM SAMPLE SIZES [3)
0 15 22 32 LS 76 116
(0.34) | (0.23)1(0.16) | (0.11) | (0.07} | (0.0L)
1 25 38 oo 77 129 195
(L.h) ] (0.94)](0.65) | (0.L6) | (0.28) | (0.18)
2 3L 52 75 105 176 266
(2.2h) [ (1.6) 1(1.1) | (0.78)} (0.47) | (0.31)
3 L3 65 9L 132 221. 333
(3.2) | (2.1) |(2.5) | (1.0) }(0.62) | (0.41)
h 52 78 113 158 265 398
(3.9) |(2.6) |(1.8) {(1.3) (0.75) | (0.50)
5 60 91 131 181 308 152
(L) | (2.9) [(2.0) | (1.h) | (0.85) | (0.57)
6 68 104 149 209 349 526
(L.9) 1(3.2) [(2.2) | (1.6) | (0.94) | (0.62)
7 77 116 185 234 390 589
8 B85 128 184 258 31 BLB
(8.6) | (3.7) {(2.6) | (1.8) | (1.1) | (0.72)
9 93 140 201 282 L7 709
(6.0) .1 (3.9) {(2.7) | (1.9) | (1.2) (0.77)
10 100 152 318 306 oIl 770
(6.3) | (L.1) [(2.9) | (2.0) | (2.2) (0.80)

The life-test failure rate, lambda (A ), is defined as the
LTFD per 1,000 hours.

The minimum quality (approximate AQL) required to accept,
on the average, 19 of 20 lots is shown in parentheses for

information only.
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L.3.6 Certification.- The supplier shall certify with each shipment thats
(a) The acceptance tests specified in 4.3 have been performed.
(b) The transistors meet all the specified requirements.

(¢) The shipment does not contain transistors from a production lot that
has failed tightened inspection (see 4.3.4.2).

Any deviations from this certification instruction shall be explained in detail
in writing.

k.3.7 Data Submittal.- Within two weeks after shipment of the transistors, the
manufacturer shall forward to Hughes Aircraft Company the following data,which shall be
certified by a responsible company official:

(a) Test Records.- Complete records of all the acceptance tests performed
by the manufacturer or his designated agency. The data supplied shall
be variables data, unless specifically waived by Hughes Aircraft
Company. It shall be reported in a manner that will facilitate follow-
ing the behavior of each specimen from the beginning to the end of each
test, and shall include explanatory comments which will aid in evaluat-
ing any unusual or abnormal events that may have occurred during the
tests.

(b) Test-Eouipment Report.- A detailed report identifying the test equip-
ment by manufacturer's name, model number, and instrument calibration
date.

(c) Quality-Control Documentation.- Evidence that conclusively shows that
the manufacturer employs a recognized statistical quality-control
procedure. This requirement is not to be construed as including
proprietary information. The information shall be submitted only with
the initial order and need be resubmitted only after the manufacturer
has made a significant change in the procedures,

At least three copies of the data and report shall be sent to the procurement
activity of Hughes Aircraft Company. Two of the copies shall be enclosed in a separate
sealed envelope marked: "Attention: Components Department, Hughes Aircraft Company.®
Acceptance of the shipment of parts shall be contingent upon acceptance by Hughes Aircraft
Company of the data submitted.

h.i Methods of Examination and Test

L.h.1 Standard Test Conditions.- Unless otherwise specified, all measurements
and tests shall be performed at ambient pressure and humidity, and at an ambient tempera-
ture of 25° +5° C, with no direct draft on the transistors.

Lhoye?2 MIL-S=19500 Tests.- The tests described in 30.6, 30,7, 30.9, 30.13, hO.l,
,4006, h007.5, )-1008, hoolog )40013, hool)-l-, )40015, hoolég h0.17, )40.18, h0.20, 50.1, 50.,.1,
50,6, 50425, 50,33, and 50,40 of MIL-5-19500, Appendix C, shall apply to these tran-
sistors, with the following exceptions and modifications:
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(b)

{c)

(e)

(f)

()

(n)

(1)

Detail Requirements.- References throughout to 3.1 of MIL-S-19500
shall be constrved as pertainine to Tables IT, IIT, and IV of this
specification.

Visual and Mechanical Examination.- 1In 30,13 of MIL-S-19SOO, Appendix
C, the reference to 3.8 shall not apvlv. The marking shall be as
specified in 3.2 of this specification.

Barometric Pressure, Reduced.- In 40,1 of MIL-S-19500, 4ppendix C, the
transistor shall be electrically insulated from the test chamber, but

a heat sink is not required. Usine the oscilloscope waveform, Icmg
shall be monitored to observe any sudden variations indicatins deterior-
ation of the transistor under test conditions.

Tension and Torque.- Transistors subjected to the tension and torgue
tests (40,15 and 40,17 of MIL-S-19500, Appendix C) may be selected from
those which fail Group # and B inspection. In the tension test, the
specified force shall be apvlied to each terminal and the integral tab
secarately, in the longitudinal direction.

Moisture Resistance.- In U0.5 of MIL-5-19500, Appendix C, subpara-
graph {a) shall be omitted.

Intermittent Life.~ All transistors shall be subjected to the inter-
mittent life test (L0,7.5 of MIL-S-19500, Appendix C) for a total
period of 2LO hours. The voltage syecified in Table II shall br
applied intermittently, 15 minutes on and 5 minutes off. Following the
test, the transistors shall be de-energized and allowed to stabilize at
standard temperature (see L.l.l of this specification) before being
subjected to the end-point tests specified., The lot shall be accept-
able if not more than 5 percent of the lot fails the test. Transistors
(from acceptable lots) that have failed this test shall be eliminated
from the lot but shall be preserved and shall be shipped to Hughes
Aircraft Company in clearly marked, separate packages (see 5.1.2) for
further study.

Shocke= In LO.10 of MIL-S-19500, Appendix C, the test shall be per-
formed with the transistor not operating. The transistor shall be sub-
jected to five 500=G shocks in each of two directions along each of
three mutually perpendicular axes (total of 30 shocks). The shock
duration shall be approaximately 1 millisecond.

Vibratione= In 40,18 and L0,20 of MIL=S~195%9, Appendix C, the tests
shall be performed with the transistor not operating. The peak
acceleration shall be 10 G (instead of 20 G).

Pulsed Operation.= In 50.li, 50.25, and 50,40 of MIL=S=19500, Appendix
C, the measurements shall be taken using pulse equipment to avoid tran-
sistor heating. The maximum pulse duration (t) shall be 300 micro-
seconds; the duty cycle, not exceeding 2 percent.
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Li.lto.3 Supplementary Tests

L3 Collector-to-Emitter Breakdown Voltage with Reverse Bias Voltage between
Base and Emitter,- The breakdown voltage shall bte measured as described in 50,1 of
MIL-5-19500, Appendix C, but in addition, a voltage shall be applied between the emit-
ter and base during measurement, (Se” 3.3.)

Loio3.2 Hard-Vacuum Environment.- Before the test, the collector cutoff current
(Icpp) and static forward-current transfer ratio (hpg) of the recombined qualification
test sample (see Li42.1) shall be measured under standard test conditions. The tran-
sistors shall be placed within a suitable container, which shall be evacuated to a
pressure of 10~7 millimeters of mercury, or below. The pressure shall be maintained at
10~7 millimeters of mercury, or below, for 48 hourse. The transistors shall then be re-
moved from the container, shall be examined for physical damage, and Igpg and hyg
measured again. The data shall be plotted on Keuffel and Esser number 359-23 prob-
ability paper, and the results analyzed statistically. (See 3.k.)

Le4.3.3 Low-Temperature Exposure.- This test may be performed simultaneously with
the hard-vacuum environment test specified in L.L.3.2; otherwise, it shall be performed
on all gualification-test specimens which have survived that test without catastrophic
failure. The transistors shall be mounted or suspended on thermal insulators and shall
be placed within a metallic container, with the body of the transistors at least 1 inch
away from the imner surface of the container, Connection leads shall be brought out of
the container from the teminals of 6 of the transistors, and a thermocouple device shall
be attached to the surface of each of these transistors, within the container, to moni-
tor the temperature, The temperature of the specimens shall be gradually reduced, at a
rate not exceeding -70° C per hour, until it has reached at least -150° C, or as near
that of liquid nitrogen (-196° C) as can be attained. During the entire cycle of low-
temperature exposure, the 6 specimens to which the leads have been connected shall be
operated at the specified voltage and current, and the ratio of collector current to base
current shall be measured when the value of the base current is sufficient to produce
Ic = 500 mAdc at Vcg = 10 Vdce The ratio shall be measured at the following tempera-
tures: -L5°, -115°, and the lowest temperature attained. The temperature of the speci-
mens shall be maintained at -150° C, or below, for L& hours, and shall then be gradually
raised, at a rate not exceeding 70° C per hour, until it has returned to room ambient
conditions, The ratio of collector current to base current shall be measured again at
the lowest temperature attained, at -115°, and at -L4L5° C, on the ascending cycle, The
transistors shall be removed from the container, shall be examined for physical damage,
and I and hpg shall be measured. The data shall be plotted on Keuffel and Esser num-
ver 38%923 probability paper, and the results analyzed statistically. (See 3.5.)

Lolie3.4 Sterilization Capability.-
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TABLE IT,~- GROUP A QUALTFICATION AND ACCEPTANCE TESTS AND REOUIREMENTS

TEST TEST CONDITIONS LTFD | SYM-| LIMITS | UNIT |
PARA- (PERCENT | BOL | MIN | MAX
GRAPH i DEF) |
Subgroup 1
30,13 Visval and Mechanical | See #4..2 (b) 15,0 J— (See #342) | wm=
Examination (except ;
30,9 of MIL-S-19500) i
Subgroup 2
50.1 Collector-to-Emitter | Ig = 50 mAde | BVggg
Breakdown Voltage, Io = O : ;
Open Base i |
]
X988817-1 | 60 | --- | Vde
X988817=2 80 ~== | Vdc
#l.ie341] Collector-to-Emitter | Vgg = 1 Vdc BVcEx
Breakdown Voltage Io = 250 uAdc
X988817-1 80 -~ | Vde
X988817-2 120 | === | Vde
50,1 Emitter-to-Base Ig = 250 vAdc BVgpo 6,0 | ==~ | Vde
Breakdown Voltage, Io = O
Open Collector
5044 Base-to-Emitter Veg = 10 Vde Veg [--- | 3 |Vde
Voltage Is = 1.0 Ade
see ’hlez (1) | & 100%
inspec- :
50,6 Collector Cutoff Vep = 60 Vde tion Icgg | === | 100 | vAuc
Current, Open Emitter | Iz = O
50,25 Collector-to-Emitter IC = 1,0 Ade VCE wwe | 1,0 Vde
Saturation Voltage Iz = 100 mAde (sat)
See #l4.L.2 (1)
50,40 Static Forward-Current| Vo = 10 Vdc hFEl 20 ! aem | waam
Transfer Ratio Iz = 100 mAdc
(Condition 1) See #L.4.2 (1)
50,L0 Static Forward-Current| Vog = 10 Vde h 30 90 —
CE FE
Transfer Ratio I = 500 mAdc 2
(Condition 2) See #4012 (i) Y

See footnote, page 12
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TABLE II (CONTINUED)

TEST TEST CONDITIONS LTFD SYM- LIMITS UNIT
T PARA- ( PERCENT BOL MIN | MaX
GRAFH DEF)
Subgroup 2 (Continued)
50,40 Static Forward-Current| Vgg = 10 Vdc hrg 20 | cmm | wm-
Transfer Ratio Ic = 1.0 Ade 3
(Condition 3) See #ly1.2 (1)
Subgroup 3
50,33 Small-Signal Short- Veg = 15 Vde hee | 10 | == | ===
Circuit Forward- Iz = 50 mAde 100%
Current Transfer Ratio| f = 1 me inspec-
| i J tion
Subgroup b
30,6  High-Temperature T, = 150° h
Operation (+3, D)e ¢
Test Point:
50.6 Collector Cutoff Vep = 30 Vde - | 30 juAde
Current, Open IgB = 0 Tepo
Emitter ,  100% |
) in j
30,7 LoieTenperature T, = -5§° hon
Opération i (+0, =3)° C
Test Point: |
50,40 Static Forward- ' Vgg = 10 Vde bpg | 15 |- |-
Current Transfer Ic. = 500 mAde
(Condition 1) P,
Subgroup 5
40.7.5 | Intemmittent Life Tec = 25° #3° C | e (I R [ .
P =L4OW
Veg = 60 Vde min
240 hours '
See #4.h.2 (f) L 2008
1
End Points: inspec-
5046 Collector Cutoff Vcp = 60 Vde tlon | 1opy | —- | 200 | uAde
Current, Open Ig = 0
Emitter
50.40 Static Forward- Veg = 10 Vdc hnz 2k | 135 | cem
Current Transfer I, = 500 midc
Ratio (Condition 2) | See #l.Lh.2 (1) | )

See footnote, page 12
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TABLE 117.- GROUP B QUALIFICATION AND ACCEPTANCE TESTS AND REQUIREMENTS

[4) TEST TEST CONDITIONS LTFD SYM- LIMITS | UNIT
PARA- (PERCENT | BOL | MIN | MAX
GRAPH DEF) :

Subgroup 1
30,9 Physical Dimensions -:I -— 10,0 -— (See Fig.?) -—
Subgroup 2
e e ~ < - . -
1,0.13 Soldering —-—— o R P .
i
401k Temperature Cycling MIL-STD=202, I
Method 102, i
i Condition C, |
except Step 3 high
temperature = 10,0
175° (40, =3)° C;
5 cycles
10,6 Moisture Resistance See ¥L.1.2 (e) —— — | mm— | ——
End Points:
(Same as for Sub-
group 5, Table II) )
Subgroup 3
40,10 Shock See #L,14.2 (g) h -— — | mme | -
10,18 Vibration, Fatigue f =60 cps -— JUNE I
See *ll-th (h)
10420 Vibration, Variable See #L..2 (h) 21000 | = | amm | o= |-
Frequency :
L0.16 Thermal Shock T{ = 100° C SRR NNV NI
T2 = 0°C
End Points::
(Same as for Sub-
¢ group 5, Table II) y

See footnote, page 12
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TABLE III (CONTINUED)

TEST TEST CONDITIONS LTFD SYM- LIMITS | UNIT
PARA- {PERCENT | BOL MIN | MAX
GRAPH DEF)
Subgroup L
k0.1 Barometric Pressure, Vg = 60 Vde ) -— R B
Reduced Iz = 0
(60 seconds
operation)
Pressure = 0,043
inch Hg
Using oscilloscope,
monitor Ippy for
sudden variations, }10.0 - ——— | a—— | -
See #h.h.2 (c)
10,8 Salt Atmosghere : L8 hours
(Corrosion ;
End Points: 3
(Same as for Sub- :
group 5, Table II) ° |/
Subgroup 5
L0417 Torque Inch-Pounds ) — ——— | - | m——
(Max)
Stud 15
Terminal 0.5
See #l.li.Z () > 10,0
h0.15 Tension 5 pounds #10 ozs. - SN N p—
(each terminal and!

integral tab)

See *,-lohcz (d) i)

¢

See footnote, page 12
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=

TABLE IV.-- GROUP C TESTS AND R:QUIRZMENTS (QUALIFICATION ONLY )

TEST CONDITIONS LTFD SYM= L UNIT
(PERCENT | BOL |MIN | MAX
GRAPH DEF)
Pre-Group C Measure-
nentss
(Same as Subgroup 5,
Table II, end points)
#h.0.3.2 Hard-Vacuum Environ- | Pressure = 10~7
ment m Hg or below;
48 hours
Erd Points:
(Same as for Sub-
group 5, Table II) (See #3,h)
*#l,le3.3 Low-Temperature | Reduce T, at rate
Exposure ' not oxceeding
i «70° C/hour to
| 2150° C or below;
maintain at lowest
terperature for
48 hours; then
raise Tp at same
max rate to 25° C
Test Point (6 speci-
mens only):
Ratio of Collector | Veg = 10 Vde Ic/1g
Current to Base P I = 500 mAde
Current : (Measure Ic/Ip at
lse, -15¥ ¢, and
at lowest tempera-
! ture attained, on
| both descending
 and ascending
cycles)
End Points: (See #3,5)
(Same as for Sub-
group 5, Table II)
#l 3.4 | Sterilization (See %3,6)
Capability
[4) Numbers marked with an asterisk refer to paragraphs in this specification; ummarked
numbers, to paragraphs in MIL-5-19500, Appendix C,
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5e
5.1

Packaging

PREPARATION FOR DELIVERY

S.1,1 Acceptable Parts,= All acceptable parts shipped to Rughes Aircraft
Company shall be suitably packaged, either individually or in groups of not more
than 10 units, in sealed contazirers provided with one or more transparent surfaces
through which a parts count can be made without removal of the contents, Each

package shall contain only transistors with the same part muxber,

The large

external shipping container, which may contain unit packages of different part mwber,
shall be constructed so as to ensure safe and undamaged delivery of the parts, Unit
packazes which are received in a broken or injured condition will be returned to the

supplier as unacceptable,

Sel,2 Failed Specinens,- Parts submitted for purposes other than for use, such
as specirens that have failed the intermittent life test and are bteing shipped to
Hughes Aircraft Company for further study, shall be packaged as specified in S,1.1,
but with the additional marking specified in 5.2.2,

S.2 HMarking of Packages

5.2,1 Acceptable Parts.- Eoth the unit pzckages and the larce external
containers shall te clearly rarked with the manuf:cturer!s name and/or trademark,
the manufacturer!s part mumter, the lot identification or date code, and with the
Rughes mumber in parentheses,

S5+2,2 Failed Specimens.,- Packages in which failed specirens (see 5,1.2) are
shipped shall be marked as specified in 5,2,1, and with the following additional
"TESTED SPECTIERS. IO NOT USE.*

marking:
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6. NOTES

6.1 Definitions, Abbreviations, and Symbols.- The terms used in this specifi-
cation are defined in Appendix A, and the abbreviations and symbols are defined in
Appendix B of MIL-S-19500. The following additional symbol is used:

BVoEx Collector-to- emitter breakdown voltage with reverse bias voltage
between base and emitter,

6.2 Application Notes

6.2.1 Power Dissipation.- Collectar power dissipation is derated as shown in
Figure 1, assuming a constant failure rate over the entire derated range.
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DERATING OF COLLECTOR POWER DISSIPATION
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643 Approval of Mamufacturer

6.3,1 Performance Ability.- The manufacturer shall have demcnstrated his ability
to supply uniform, reliable procucts as specified below,

6.3.2 Approval of Military Cualified Products List.- As a minimm requirement,
ths cupubility of the manufacturer to supply semiconductor devices of the type
described in this specification and in accordance with NIL-S-19500 shall be evidenced
by the inclusion of at least one of his products on a iHilitary Qualified Products
List,

6.3.3 Process Control.- The manufacturer shall sutmit sufficient information
rezarding product flow, process control, and any other related data that will estab-
1lish his understanding and control of the product,

6.3.i Technical Competence.- The mamufacturer skall have demonstrated, by
published articles or other irformation, that he 1s aware of the behavlior of his
product, Especially pertinent zre reliability pro-rams and statistical studies
which aid in predicting failure rates and in determining derating for a-c and d-c
stress levels,

6.3.5 Supplementary Inforration,~ Mamufacturer acceptability ::ay be determined
by the use of other information, including:

(a) Test data available within Hughes Aircraft Company.
(b) Test data from interservice data-exchanze programs (IDEP).

(c) Previous history of the mamuf:cturer (adnerence to delivery schedules,
pricing policy, etc.).

(@) The manufacturert's participation in other high-reliability programs,
(e) Field failure r:ports,

Tn recognition of the variable levels of confidence of the aforeneniioned items, proper
consideration will be given to their significance,

6.i Off-Premises Qualificztion Testing.- Vhen qualification testing is performed
at facilities other than those of Hughes Aircraft Compary, the following requirements
shall apply:

6.4.1 Preparation for Shirment,- Tested specimens shall te packaged in the
condition in which they emerge ucon conclusion of the final test, and in accordance
with 5.1.2,

6.4.,2 Data Submittal.,- Data shall te submitted in accordance with 4,3.7,
except that references to "acceztance testing performed by the manufacturer® shall
be interpreted as "qualification testing performed by the off-premises facility,®
and refercnces to the manufactursrt's quality-control and production procedures
shall not apply.
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6.5 Incoming and Receiving Inspection

6,5.1 Preliminary Inspection,-

In order to varify the shipping manifest, the

incoming~-inspection facility of Hughes Aircraft Campany shall make a visual count

of the parts without opening the tran:;arsnt contalners,

Packages which are

reccived in a broken or damaged condition shall be returned to the sender as

unacceptable,

6.5.,2 Disposition of Study Specimens,- Containers marked *TESTED SPECIMENS,
DO NOT USE" shall be forwarded to the Components Department, Hughes Alrcraft ’
Company, Culver City,

6.5.3 Disposition of Usable Parts,-

A1l other packages containing usable

parts shall be placed in a bonded storage area, together with the acc

test data, which shall be suitably identified to correspond with the parts received,
Both the parts and the test data shall be retained in the bonded area until they
have been released by the Components Department,
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DO NOT SCALE

LIMITS UNLESS OTHERWISE SPECIFIEZED: XXX =2 XX =L xX* =t
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NOTE: A SLIP-ON SOLDER-TERMINAL LUG AND NORMAL MOUNTING HARDWARE
SHALL BE SUPPLIZD BY THE MANUFACTURER WiTH £AIH TRANSISTOR

'

SCHEMATIZC  DIAGRAM
FIGURE 2

ART-NUFBER TABIE
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| X988817~ | PART NUMBER
1

2

PROCUREMENT BY HUGH:-S AIRCRAFT CCMPANY IS LIMITED TO THE MANUFACTURER LISTED HEREIN:

TEXAS INSTRUKENTS INC., DALLAS, TEX. (CODE IDENT. NG, 06228)
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1. SCOPE

1.1 This specification covers tantalum, solid electrolyte, polarized, hermetically
sealed, fixed capacitors similar to Styles CS12 (uninsulated case) and CS13 (insulated
case) covered by MIL-C-26655/2, but for which special additional requirements are imposed
to assure performance reliability in the space and lunar environments for which the
capacitors are intended,

2. APPLICARLF DOCUMFNTS

2.1 The following documents, of the latest issue in effect, shall apply to this
specification to the extent specified herein:

MIL-STD-202 Test Methods for Flectronic and Flectrical Component Parts

MIL-C~26655/2 Capacitors, Fixed, Solid Flectrolyte, Tantalum, Styles CS12
and CS13

3. RFQUIRFMENTS

3.1 MIL-C-26655/2 Requirements.~ The requirements for Styles CS12 and CS13 capaci-
tors specified in MIL-C~26655/2 shall apply to these capacitors, with the following
exceptions and modifications-

(a) Detail Requirements.- The dimensions and electrical characteristics for
the individual capacitors specified in MIL-C-26655/2 shall be modified,
as necessary, to conform to Figure 1 and the part-number table of this
specification.

(b) D-C Leakage.~ The d-c leakage shall not exceed the fnllowing values:

At Temperature D-C Leakage
(c)
+25° The applicable value specified in the
part-number table of this specification.
+85° 10 times the +25° C requirement.
+125° 12.5 times the +25° C requirement, at

two-thirds of the rated 25° C voltage.

(¢) Marking.~ In addition to the marking specified, the body of each capaci-
tor shall be permanently marked with the letter S in a circle.
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3.2 Supplementary Requirements.- The capacitors shall meet the following addi-
tional requirements:

3+2.1 Production Requirements

3.2.1.,1 Batch Control.- All capacitors supplied against a particular purchase
order shall be produced on one production line, and processed with as much continuity as
possible, Where similarities of process exist between capacitors supplied to the same
purchase order, e.g., the formation voltage, they shall be processed with the same
equipment, settings, personnel, etc.

342,142 Quantities.,- Sufficient quantities shall be produced to allow for the
destructive acceptance tests, No partial shipments of an individual part number shall be
made except in instances where the quantity exceeds 500.

342.143 Fresh Product.- All the capacitors shall be fresh products, i.e., not
drawn from stock unless the quantity ordered for a particular value and voltage rating
is six or less. The parts shall be identified as belonging to a particular purchase
order at that point in the processing where they may be so identified. If possible, the
production personnel shall be informed of the ultimate use of the capacitors.

3e2.2 Material

34242.1 Leads.- The material of both leads shall contain not less than 60 percent
low carbon iron, by volume, and shall be sheathed in copper and flashed with tin.

3.2.3 Hard-Vacuum Operation.- After the capacitors are tested as specified in
he5.2, there shall be no evidence of physical damage, the capacitance shall be within
+5 percent of the initial measurement, and the d-c leakage shall not exceed the
applicable value specified in the part-number table.

3¢244 Thermal Shock.- After the capacitors are tested as specified in L.5.3, there
shall be no evidence of physical damage, the capacitance shall be within #5 percent of
the initial measurement, and the d-c leakage shall not exceed the applicable value
specified in the part-number table.

3.2,5 Sterilization Capability.- The capacitors shall be capable of withstanding
each of the exposures specified in L.5.4 without degradation of physical or electrical
characteristics,

After the test specified in L.5.4, the capacitance shall be within #5 percent of the

J initial measurement and the d-c leakage shall not exceed the applicable value specified
in the part-number table. (The capacitors shall not be sterilized before shipment.)
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3.2.6 Accelerated Life.~ When the capacitors are tested as specified in L.5.5.1,
and the results are analyzed statisticallﬂ, based upon the multiple of rated voltage at
which failure occurs and as described in L.5.5.2, the following requirements shall be met:

(a) Failure shall not occur at less than 1.5 times-the rated voltage, at 85°C
Failure is defined as the value of d-c leakage which exceeds:

V.
Irailure > 5 x Ip x L
Vo

Where: Iy = rated d-c leakage at 85° C
(see.3.1 b) at ¥V,

Yo

rated voltage
Vg = test voltage

For example, if the rated d-c leakage is 6 microamperes at 25° ¢,
the test voltage is two times rated, and the test temperature is 85° ¢,
failure occurs when the leakage current exceeds:

Ifasiure > 5 ¥ 6 x 10 x 2 = 600 microamperes.

Failure is alternatively defined as the point where scintillation occurs,
as evidenced by momentary surges of current recurring twice within a
S-second period.

(b) When three tires the standard deviation is subtracted rrom the mean life,
the result shall be not less than 10,000 hours.

3,2,7 Dielectric Breakdown.- When the capacitors are tested as specified in L.5.9,
no failure shall occur below one and one-half times the rated voltage. Failure is
defined as a reading of d-c leakage above 1 milliampere steadily, or two successive
surges of the d-c leakage above 1 milliarpere within 5 seconds. For all capacitors in
the test sample, the difference between the highest and the lowest voltages at which
failure occurs shall not exceed 20 percent of the highest.

3.2,8 Workmanship.- The surfaces shall be clean and free from grease or oil.
The leads shall be free of nicks or sharp bends. The soldered termination shall be
smooth and small enough to prevent any accumlation of foreign matter between it and
the edge of the case. No loose solder particles shall be present.

3.2,5 Screening Tests.- All capacitors shall have been subjected to the 100-
percent screening tests specified in Table II.
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L, OUALTTY ASSURAMCF. PROVISIONS
L.1 Classification of Tests.- The inspection and testing of the capacitors shall
be classified as follows:

(a) Qualification tests. (See L.2,)

(b) Acceptance tests. (See L.3.)

hoal.l Additional Tests.~ Mothing shall preclude the manufacturer from taking such
additional samples and performing such additional tests as he may deem necessary or
desirable to assure conformance to the requirements of this specification. Additional
tests may be conducted by Hughes Aircraft Company to verify data submitted by the manu-
facturer.

L.2 Qualification Tests.- Hughes Aircraft Company is responsible for the per-
formance of the specified qualification tests. These tests will be conducted by, or at a
laboratory designated by, Hughes Aircraft Company.

L.2.1 Test Sample and Routine,~ A minimum of 36 specimens shall be subjected to
the qualification tests specified in Table I, in the order listed., If a greater number
of capacitors is used, the same relative proportions of specimens tested in each group
shall be maintained.

TABLE I.- QUALIFICATION TESTS
TEST NUMBFR OF TRST RFFFRENCE PARAGRAPH
GROUP | SPFCIMFNS RFQUIRTMENT TEST
I 6 {1 Hard-Vacuum Operation 3.2.3 L.5.2
II 6 [1) Thermal Shock 3.2, L.5.3
Sterilization Capability 3.2.5 Lh.5.bL
1Y 2L [O] Accelerated Life 3.2.6 1,5.5

Any value or rating, at the discretion of Hurhes Aircraft Company.

12 capacitors of the 2.2 microfarad f10 percent value, at 20 volts dc,
and 12 capacitors of the highest capacitance value and voltage rating,
in the largest case size, for which approval is sought.

ko3 Acceptance Tests,~ The manufacturer is responsible for the performance of all
specified acceptance tests, and for supplying the necessary samples used in such tests,
The acceptance tests shall include the 100-percent screering tests specified in Table II
and the sampling test specified in Table III {as applicable), in the order listed.

TABLE IT,- 100-PFRCENT SCREFNING TESTS
NUMBFR OF TEST RFFFRFNCF. PARAGRAPH
SPECIMENS REQTRFMENT TEST

A Aging -- L.S5.6
Temperature Cycling -- L.5.7
D~C Leakage 3.1(b)
Capacitance
Dissipation Factor
Workmanship 3,2.8 L,E,.8

Applicable paragraph per MIL-C-26655,
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TARLE TIT.- SAMPLING TESTS

INSPECTION LOT | SAMPLE TEST RFYFFRINCE PARAGRAPH
QUANTITY SIZE ~— REQIUTIRFMENT TEST
3 to 25 L Dielectric Breakdown 3.2.7 L.5.9
26 to 10 5
L1 to 65 7 Accelerated Life 3.2.6 L.5.5
66 to 110 10

111 and over 12

Samples from inspection lots of 25 capacitors or less shall be
subjected only to the dielectric breakdown test. Samples from
inspection lots of 26 capacitors or more shall te subjected only
to the accelerated life test.

L.3.1 Inspection Lot.~ An inspection lot shall be consistent with the batch-
control requirement (see 3.2.1.1) and shall consist entirely of capacitors of the same
case size, capacitance value, and voltage rating, offered for inspection at the same time.,

L.3.2 Rejections

h.3.2,1 Screening-Test Rejections.- Defectives found during the 100-percent
screening tests specified in Table II shall be elimirated from the inspection lot. In
the event that the quantity remaining in the lot is incompatible with the quantity
requirement (see 3.2.1.2), the entire lot shall be rejected, unless a written waiver
relaxing this requirement is granted by Hughes Aircraft Company.

Lh.3.2,2 Sampling-Test Rejections.- The samples shall meet the reauirements of the
applicable sampling test specified in Table III. Resubmission shall not be made without
the approval of the Hughes Aircraft Company procurement activity, which shall obtain
written agreement from the cognizant comporent-engineering activity.

L.3.3 Certification.~ The supplier shall certify with each shipment that:

(a) The acceptance tests specified in L.3, including the 250-hour aging
procedure, have been performed.

(b) The capacitors meet all the specified reauirements.

h.3.k Data Submittal.~ Within two weeks after shipment of the capacitors, the data
accumulated in performing the acceptance tests shall be forwarded to Hughes Aircraft
Company. The data shall include the measurements of d-c leakage, capacitance, and dissi-
pation factor obtained during the 100-percent screening tests and the results of the
applicable sampling test. At least three copies of the data shall be sent to the pro-
curement activity of Hughes Aircraft Company. Two of the copies shall be enclosed in a
separate sealed envelope marked "Attention: Components Department, Code RA-1l, Culver City

hi Standard Test Conditions.- Unless otherwise specified, all measurements and
tests shall be performed at ambient pressure and humidity, and at an ambient temperature
of 25° (+10, -5)° C.

~
B s
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L.5 Methods of Examination and Test

L.5.1 General,- Where no test method is described, the applicable method of
MIL-C-26655 shall be used. :

Lh.,5.2 Hard-Vacuum Environment.~ Before the test, the capacitance and d-c leakage
shall be measured, The capacitors shall be placed within a glass container, which shall
be evacuated to a pressure of 10-8 millimeters of mercury. The pressure shall be main-
tained at a maximum of 10~7 millimeters of mercury for 250 hours. The capacitors shall
then be removed from the container, shall be examined for physical damage, and the
capacitance and d-c leakage shall be measured, (See 3.2.3.§

L.5.3 Thermal Shock.- Before the test, the capacitance and d-c leakage shall be
measured. The capacitors shall be subjected to 5 complete cycles of thermal shock. Each
cvcle shall be as follows: The capacitors, while at room ambient temperature, shall be
quickly immersed in liquid nitrogen. After 10 minutes of immersion, the capacitors shall
be removed and, within 1 minute, shall be placed in an air chamber held at +125° +3° ¢,
After 10 minutes, the capacitors shall be removed from the chamber and shall be exposed
to room ambient temperature for 5 minutes. Upon campletion of the 5 cycles, the capaci-
tors shall be examined for physical damage and the capacitance and d-c leakage shall be
measured. (See 3020h-)

L.S.L Sterilization Capability.- Before the test the capacitance and d-c leakage
shall be measured. The capacitors shall then be subjected to the following tests. Upon
completion, the capacitors shall be measured. (See 3.2.5.)

(a) High Temperature.- Two 36-hour cycles of exposure to a temperature
of 125°* C. This requirement is considered fulfilled as a consequence
of the MIL approval defined in 6.1.2,

(b) Chemical.- A 2i-hour exposure to an atmosphere consisting of a mixture
of 12 percent ethylene oxide and 88 percent trichlorofluoromethane
(Freon 12) by weight, at a temperature of 37.8% C and a relative
humidity of 30 to 50 percent,

4.5.5 Accelerated Life

4.5.5,1 Test Procedure.- The capacitors shall be connected in a circuit similar
to that shown in Figure A, and shall be conditioned for 1 hour in a chamber at a tempera-
ture of +85 £2° C. Increasing voltage shall then be applied, approximately as shown
in Figure B, The voltage shall be increased gradually between steps, at a rate not
exceeding 2 volts per second., The tolerance at any step shall be (+1.0, -0,1) hours, and
+2 volts. FPower may be campletely turned off at any time, but care shall be taken to
precondition the capacitors at chamber temperature prior to reapplication of voltage,
A time log shall be kept to show accumulated time accurately at each increment. The
current shall be monitored during the initial 2 minutes of each step, at approximately
halfway through the step, and at the end of each step. The current at the end of each
step shall be recorded. Railed parts shall be discornnected immediately. If failure
occurs during the initial monitoring, the capacitor shall be credited with 0.01 hour at
the higher voltage, If failure is detected subsequently, it shall be assumed to have
occurred halfway between monitoring periods. The raw data from the time-log records
shall be rearranged and presented on a chart similar to that shown in Figure C,

B
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(

LheSeSe2 Statistical Analysis.- To obtain the mean life and standard deviation,

the results of the accelerated life test shall be analyzed statistically by the following
method :

(a) Capacitors with the same Hughes nurmber shall be analyzed as an
individual group.

(b) The first and last failures shall be omitted from the computations,

(¢) The accumlated operating time at a particular voltage shall be
normalized by using the 15th power of the voltage to account for the
stress level., (For exarple, 1 hour at 1,5 times the rated voltage
shall be credited with 1.512 or 450 hours.)

(d) The total accumilated hours shall be averaged. This is the mean life,

(e) The square root of the mean of the deviations squared shall be
computed. This is the standard deviation.

(f) Three times the stardard deviation shall be subtracted from the mean
life, and the result shall be recorded. (See 3.2.6.)

L.5.6 Aging.- Each capacitor shall be subjected to at least the rated voltage for
250 hours at a minimum terperature of B85° C, To provide a uniform failure rate, the
rated voltage shall be derated at temperatures above 85° C as shown in Figure D. Records
of the initial and final measurements shall be maintained, in order that capacitors
which evidence anomalous behavior, even though they finally meet the requirements
st.erified in the part-nurber table, may be culled out. During the aging period, voltage
shall be removed fron the capacitors for a contimuous one hour period (+5 minutes)in each
2l hours. When voltage is reapplied it may be done at a gradual rate, the time interval
for which shall be less than 2 minutes,

.00
VOLTAGE RATING \ - sLoPE=-0.837 /°C
FROM PART- \<

NUMBER TABLE)

0.67
D_LL’
5%
5
éo
=>
VO
e
T
x 40 60 80| 10C 120
85 125
TEMPERATURE (°C)
FIGURE D

DERATING OF RATED VOLTAGE
AT HIGH TEMPERATURES
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Lh.5.7 Temperature Cycling,= The capacitors shall be subjected to the temperature-
cycling test specified in Method 102, Condition D, of MIL-STD-202, except that the
step 3 high temperature shall be +126° C, No measurements are reauired either before or
after cycling.

L,5.8 Workmanship.- The capacitors shall be visually examined. (See 3.2.8.)

L.5.9 Dielectric Breakdown.- The capacitors shall be connected in a circuit
similar to that shown in Figure A, except that no temperature chamber is required.
Increasing voltage shkall be applied, approximately as shown in Fipure B, except that the
scale of time shall be in minutes instead of hours. The voltage shall be increased
gradually between steps, at a rate not exceeding 2 volts per second. The tolerance at
any step shall be (+3.0, ~0.1) minutes, and *2 volts., The current shall be monitored
continuously, if possible, or at any time during the step, after the first 10 seconds.
Failed parts shall be disconnected immediately. The test data shall be presented on a
chart similar to that shown in Figure F. (See 3.2.7)

DIFLECTRIC BREAXDOWN TEST DATA

Capacitance_______pF Hughes Number Date of Test
Rated Voltage Vde Hughes Order No.
Lot Quantity Date Prepared
Sample Voltage at Current at
No. Failure Failure
1
2
3
k

Highest Failure Voltage
Lowest Failure Voltage

Highest ~ Lowest _

HAighest - = x 100 :

FIGURE E

SAMPLE OF CHART FOR PRESENTATION
OF DIELECTRIC BREAKDOWN TEST DATA
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5. PRFPARATION FOR DELIVERY

5.1 Packaging.- ZThe unit package shall contain ten, or a multiple of ten, capaci-
tors (except where obviously unattainable), all with the same part number, The large
external shipping container may contain unit packages of different part number. The
entire contents of the unit package shall be mounted on one structure that may be easily
removed and replaced in the unit packare. The arrangement of the capacitors on this
structure shall be orderly. The leads shall be accessible without removal of the
capacitors from the structure. The capacitors shall be protected by restricting their
individual freedom to move and by preventing contact between individual capacitors within
the unit package. The unit packare shall preferably be provided with one transparent
surface through which a parts count can be made without removal of the contents.

5.2 Marking of Unit Packages.- The unit packages shall be externally marked with
the manufacturer's name and/or trademark, manufacturer's part number, capacitance,
tolerance, rated voltage, date code, and the Hughes number in parentheses. Additional
marking is optional, If possible, the specified marking shall appear on the side with
the smallest dimension, to permit stacking of unit packages.

6. NOTES
6.1 Approval of Manufacturer

6.1,1 Performance Ability.- The manufacturer shall have demonstrated his ability
to supply uniform, reliable products as specified below.

6.1.2 Approval on Military Qualified Products List.,~ As a minimum reauirement, the
capability of the manufacturer to supply Style CS12 and CS13 capacitors in accordance
with MIL-C-26655/2 shall be evidenced by inclusion of his product on a Military Qualified
Products List,

6.1.3 Process Control.,- The manufacturer shall submit sufficient information
regarding product flow, process control, and any other related data that will establish
his understanding and control of the product.

6.1.i Technical Competence.- The manufacturer shall have demonstrated, by
published articles or other information, that he is aware of the behavior of his product.
Especially pertinent are reliability programs and statistical studies which aid in pre-
dicting failure rates and in determining derating for a-c and d-c stress levels,

6.1.5 Supplementary Information.- Manufacturer acceptability mav be determined by
the use of other information, including:

(a) Test data available within Hughes Aircraft Company
(b) Test data from interservice data-exchange programs (IDEP)

(c) Previous history of the manufacturer (adherence to delivery schedules,
pricing policy, etc.)

(d) The manufacturer's participation in other high-reliability programs.
(e) Field failure reports,

In recognition of the variable levels of confidence of the aforementioned items, proper
consideration will be given to their significance,
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Appendix II

4. SYNCOM ELECTRONIC PARTS LIST

INTRODUCTION

The Syncom electronic parts list covers all spacecraft assemblies
using semiconductors, resistors, capacitors, and inductors.

Purchased assemblies and ''low-population' units are listed on the
first page. The remaining assemblies are itemized on subsequent pages.

Some standard electronic parts were selected which were not covered
by Hughes specifications; conversely, specifications (X988000-XX) have

called for parts not identifiable with commercial part numbers.

The following abbreviations are used throughout the parts list:

A-B = Allen-Bradley
A-B resistors: TR, 1/10 watt; CB, 1/4 watt;
EB, 1/2 watt; GB, 1 watt; all 5 percent carbon
composition.
Tl = Texas Instruments
PSI = Pacific Semiconductor
GRFF = General RF Fittings



PURCHASED ASSEMBLIES AND "LOW-POPULATION'" UNITS

Number
per
Hughes Space-
Name Number craft Notation Note
Input filter 496106 1 %
Input mixer 496107 1 3% 4 diode D4142 M
IF attenuator 496109 2 o 2-1/10 w resistors A-B
selected as matched
pair
1-1/4 w resistors A-B
required
2- GRFF - TM
connectors
High-level mixer 496113 2 3 1 diode Sylvania INZ21F
el 1 3-db directional
coupler Hycon
HDC1016
Single -sideband 496114 1 <k Rantec FS 211-1
filter
3-db coupler 496117 1 sy Hycon HDC 1016
(see 496113)
Dual-filter, Hybrid 496118 2 ek Rantec FS 213-1
Isolator 496119 2 s 1l termination filmohm
5526
Traveling-wave 496121 2 Hughes 314H
tube
Frequency doubler 496125 2 2 - X988905-5 Varicap
Microwave Assoc.
2 - X988520-1 Johanson
1-10 ppf
Frequency doubler 496126 2 2 - X988913-1 Varicap

Microwave Assoc.
2 - X988520-1 Johanson
1-10 pptf

*Hughes Aircraft Company manufacture and assembly.

w3 Purchased item.




PURCHASED ASSEMBLIES AND "LOW-POPULATION'" UNITS (continued)

Number
per
Hughes Space-
Name Number craft Notation Note
Coaxial attenuator 496130 2 ek Hycon HDC1016
(see 496113)
1 termination
filmohm 5526
Coaxial relay 496139 1 * 2 - Erie Cap. GP3-24D4-
152M feed-through
2 - X988500-11 Kemet
10 uf 50 v
1 Sigma relay 32
RJPD 780 GD GSP
20-db coupler 496140 Tl ok Hycon HDC1027
Detector mount 496141 1 Aok Hycon HDM1023
1 diode X988718-1
IN3062
Flight termi- 496405 1 % Bulova TE-12
ination timer
Batteries, 10-cell 496502 44 *% Sonotone (see Hughes
Specification Control
Batteries, 12-cell 496503 Drawing 254023)
Pyrotechnic switch 496615 % Atlas Powder Co.

MS4. 4-D. 1-CT1
2 - X988610-30 resistor

*Hughes Aircraft Company manufacture and assembly.
**Purchased item.



TRANSPONDER AND TELEMETRY REGULATORS, 496008,
ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

4 X988601-16 Resistor A-B CB 11 1/4w 5%

4 X988602-16 Resistor A-B EB 11 1/2w 5%

2 X988834 Transistor TI T1X2150(SP352) -

8 X988601 -81 Resistor A-B CB 5600 1/4 w 5%

4 X988601-77 Resistor A-B CB 3900 1/4 w 5%

8 X988704-16 Diode PSI PS4261 -

8 X988610-289 Resistor TI1 CcG 10. 00K 1/8 w 1% carbon film
8 X988610-318 Resistor TI CG 20,0K 1/8w 1% carbon filir
2 X988603-77 Resistor A-B GB 3900 1w 5%

8 X988600-57 Resistor A-B TR 2200 1/10 w 5%
10 X988602-71 Resistor A-B EB 2200 1/2w 5%

8 X988602-52 Resistor A-B EB 360 1/2w 5%

8 X988600-73 Resistor A-B TR 10K 1/10w 5%

10 X988500-55 Capacitor Kemet K15J50K 15 pf 50 v 10% tantalum
4 X988500-144 Capacitor Kemet K22550K 22 uf 50 v 10% tantalum
8 X988504-32 Capacitor Vitramon VK30CW103K 0.01 uf 30 v 5% ceramic
8 X988804-1 Transistor PSI 2N708 -

16 X988801-1 Transistor Fairchild S$4979 2N722 -

6 X988817-2 Transistor T1 2150 -
24 457221-1 Heat sink - - -
8 457233 Insulator - - -
1 457204 Cover - - -
1 457205 Housing - - -




COMMAND RECEIVER AND BATTERY REGULATOR, 496009,
ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

2 X988601-95 Resistor A-B CB 22K 1/4w 5%
2 X988710-1 Diode Hoffman HU100(HU103A) -
2 X988712-4 Diode Hoffman IN 2934 -
2 X988504-32 Capacitor Vitramon - 0.01 150 v 10% ceramic
2 X988500-55 Capacitor Kemet - 15 uf 50 v 10% tantalum
2 X988610-11 Resistor T1 CG 1/8 12.7 1% carbon film
2 X988603-70 Resistor A-B GB 20001 w 5%
2 X988602-15 Resistor A-B EB 101/2 w 5%
4 X988611-300 Resistor TI CG 1/4 32.4K 1/4 w 1% carbon film
2 X988602-2 Resistor A-B EB 30 1/2w5%
2 X988601-81 Resistor A-B CB 15K 1/4 w 5%
2 X988600-73 Resistor A-B TR 10K 1/10 w 5%
2 X988600-57 Resistor A-B TR 2200 1/10 w 5%
2 X988601-87 Resistor A-B CB 10K 1/4 w 5%
2 X988622-18 Resistor A-B GAH 1.50 1 w 1% fixed film
4 X988610-250 Resistor TI CG-1/8 3.92K 1% carbon film
2 X988610-318 Resistor T1 CG-1/8 20. 0K carbon film
2 X988610-289 Resistor TI CG-1/8 10. 00K carbon film
2 X988701-1 Diode Hughes /PSI HD4816/PS4585 -
2 X988700-2 Diode Rheem 1N485B -
2 X988704-16 Diode PSI PS4261 -
2 X988728-1 Diode Westinghouse 1N1202 -

18 978207-2 Terminal - - -
2 X988804-1 Transistor PsI 2N 708 -
4 X988802-1 Transistor Fairchild S4967 2N871 -
4 X988801-1 Transistor Fairchild 54979 2N722 -
4 X988817-2 Transistor TI SP 345(TIX 2150) -

12 457221-1 Heat sink Hughes - -
6 457233 Insulator Hughes - -
1 457225 Cover Hughes - -
1 457224 Housing Hughes - -




TRANSPONDER — MASTER OSCILLATOR, 496101,
TWO PER SPACECRAFT

Hughes Commercial
Number Item Manufacturer Number Note
7 X988670-16 Coil Delevan 1537-30 -
1 X988670-14 Coil Delevan 1537-26 -
2 X988212-3 Connector - - _
1 X988660-1 Crystal Bliley - 28. 8917 mc
1 X988704-4 Diode PSI IN472 4 v Zener
1 X988819-1 Transistor Motorola 2N707A -
1 X988826-1 Transistor PSI 2N1506 -
5 X988828-1 Transistor TI 2N1405 -
1 X988601-19 Resistor A-B CB 15 1/4w
1 X988601-15 Resistor A-B CB 10 1/4w
2 X988600-73 Resistor A-B TR 10K 1/10 w
1 X988600-70 Resistor A-B TR 7.5K 1/10 w
2 X988600-63 Resistor A-B TR 3.9K1/10 w
2 X988600-56 Resistor A-B TR 2K 1/10w
4 X988600-49 Resistor A-B TR 1K 1/10w
1 X988600-29 Resistor A-B TR 150 1/10w
1 X988602-68 Resistor A-B EB Insulated 1.6K1/2 w
1 X988601-32 Resistor A-B CB 51 1/4w
1 X988603-39 Resistor A-B GB Insulated 100 1w
1 X988603-77 Resistor A-B GB 3.9K 1 w
1 X988541-50 Capacitor Erie Ceramic 5 upf 25%
18 X988504-32 Capacitor Vitramon VK30CW103K 10000 (ppf) 150 v 10%
1 X988500-72 Capacitor Kemet K15J20K 15 uf 20 v
! X988503-67 Capacitor Corning CYFM10C-102 0.001 uf 300 v 5% glass
2 X988503-43 Capacitor Corning CYFM10C-101 100 puf 500 v 5% glass
1 X988503-29 Capacitor Corning CYFMI10C-270 27 ppf 500 v 5% glass
1 X988503-19 Capacitor Corning CYFMI10C-100 10 ppf 500 v 5% glass
1 X988503-9 Capacitor Corning CYFMI10C-3R9 3.9 pupf 500 v 5% glass
1 X988503-4 Capacitor Corning CYFMI10C-2R2 2.2 ppf 500 v 5% glass
7 X988520-1 Capacitor Johanson 2950 1-10 puf variable
13 X988526-1 Capacitor Erie 909088-51 0. 001 feedthrough
1 457235 Cover assembly Hughes - -
1 457236 Base assembly Hughes - -
1 457361 Transformer Hughes - Core: T37-6 micrometals
1 457362 Transformer Hughes - -
1 457363 Transformer Hughes - -
1 457364 Transformer Hughes - -
1 457365 Transformer Hughes - -
1 457366 Transformer Hughes - -
1 457367 Transformer Hughes - -
1 457368 Coil Hughes - -
10 X988670-22 Coil Delavan 1537-42 -



X32 MULTIPLIER, 496102, TWO PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

2 X988918-2 Diode Microwave 4325F Varicap
Assoc.

2 X988903-9 Diode PsI PC4006 Varicap

2 978207-2 Feedthrough - - -

term
4 978012-1 Feedthrough - - -
term
10 - Capacitor - CB11RE102Y -
13 X988520-1 Capacitor Johanson - 1-10 puf

1 457453 Coil - - -

1 X988918-1 Diode Microwave 4325D Varicap
Assoc.

6 - Capacitor Erie 2404-041-102 Feedthrough

2 X988905-6 Diode Microwave 4355A Varicap
Assoc.

2 X988905-8 Diode Microwave 4355C Varicap
Assoc.

1 X988214-1 Connector GRFF 82-260 Coaxial



PREAMPLIFIER, 496108, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 457331 Transformer Hughes - -
1 457330 Transformer Hughes - -
1 457329 Transformer Hughes - -
1 X988503-27 Capacitor Corning - -
1 X988600-42 Resistor A-B TR 510 1/10 w 5%
1 457332 Choke Hughes - -
3 X988828-1 Transistor T1 2N1405 -
1 X988670-23 Choke Delevan - 22 ph 10%
9 X988670-22 Choke Delevan - 18 uh 10%
1 X988600-73 Resistor A-B TR 10K 1/10 w 5%
2 X988600-65 Resistor A-B TR 4700 1/10 w 5%
1 X988600-61 Resistor A-B TR 3300 1/10 w 5%
2 X988600-60 Resistor A-B TR 3000 1/10 w 5%
8 X988504-32 Capacitor Vitramon VK30CWI103K 0.01 uf ceramic
1 X988503-67 Capacitor Corning CYFMI15C-102 0.001 uf 500 v 5% glass
2 X988503-19 Capacitor Corning CYFMl0C221 10 ppf 500 v 5% glass
8 X988526-1 Capacitor A-B (FASH-102W) 0. 001 pf 500 v ceramic
909088-51
4 X988520-1 Capacitor Johanson JMC 2950 1-10 puf 250 v
2 X988212-8 Connector Microdot 51-214 -
1 457201 Cover Hughes - -
1 457203 Base Hughes - -




POSTAMPLIFIER, 496111, TWO PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

1 X988670-2 Choke Delevan 1537-02 -

3 - Transformer Hughes - -

3 X988828-1 Transistor T1 2N1405 -

1 X988600-42 Resistor A- TR 510 1/10 w

2 X988600-65 Resistor A-B TR 4.7K1/10 w

2 X988600-61 Resistor A-B TR 3.3K1/10 w

1 X988600-55 Resistor A-B TR 1,8K 1/10 w

1 X988600-49 Resistor A- TR 1K 1l/10w

10 X988670-22 Choke Delevan 1537-42 18.0 uh 10%

8 X988504-32 Capacitor Vitramon VK30CW 103K 0.01 ££10% 150 v
1 X988503-46 Capacitor Corning CYFM1DC-131 130 puf 5% 500 v
2 X988503-17 Capacitor Corning CYFMIDC-8R2 8.2 pui5% 500 v
8 X988526-1 Capacitor A-B 909088-51 1000 puf 500 v(ABFAS5H-102)
3 X988520-1 Capacitor Johanson 2950 1-10 ppuf variable
2 X988212-3 Connector Microdot 31-50 -

1 457201 Cover Hughes - -

1 457200 Base Hughes - -



AMPLIFIER FILTER-LIMITER, 496112,
ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
2 X988600-90 Resistor A-B TR 51K 1/10 w 5%
1 X988600-65 Resistor A-B TR 4700 1/10 w 5%
4 X988600-61 Resistor A-B TR 3300 1/10 w 5%
2 X988600-59 Resistor A-B TR 2700 1/10 w 5%
2 X988600-57 Resistor A-B TR 2200 1/10 w 5%
4 X988600-54 Resistor A-B TR 16001/10 w 5%
5 X988600-25 Resistor A-B TR 100 1/10 w 5%
2 X988600-103 Resistor A-B TR 180K 1/10 w 5%
2 X988600-35 Resistor A-B TR 270 1/10w 5%
2 X988600-26 Resistor A-B TR 110 1/10 w 5%
2 X988601-15 Resistor A-B CB 10 1/4w5%
2 X988601-55 Resistor A-B CB 470 1/4 w 5%
1 X988601-27 Resistor A-B CB 33 1/4 w 5%
2 X988601-32 Resistor A-B CB 51 1/4 w 5%
1 X988601-17 Resistor A-B CB 12 1/4 w5%
1 X988601 -25 Resistor A- CB 27 1/4 w 5%
2 X988500-69 Capacitor Kemet - 1.5 pf 20 v tantalum
32 X988504-32 Capacitor Vitramon VK 10, 000{ e f) 150 v 10% cerami
1 X988503-23 Capacitor Corning CYFR 15 ppf 500 v 5% glass
1 X988503-39 Capacitor Corning CYFR 68 puf 500 v 5% glass
1 X988503-40 Capacitor Corning CYFR 75 puf 500 v 5% glass
2 X988503-43 Capacitor Corning CYFR 100 puf 500 v 5% glass
3 X988503-27 Capacitor Corning CYFR 22 ppf 500 v 5% glass
2 X988503-25 Capacitor Corning CYFR 18 ppf 500 v 5% glass
1 X988503-21 Capacitor Corning CYFR 12 puf 500 v 5% glass
3 X988503-19 Capacitor Corning CYFR 10 puf 500 v 5% glass
2 X988503-38 Capacitor Corning CYFR 62 ppf 500 v 5% glass
2 X988503-12 Capacitor Corning CYFMI10C-5R1 glass
20 X988526-1 Capacitor A-B (FA 5H-102W) 1000 puf 500 v ceramic
9 X988520-2 Capacitor Johanson JMC 2951 1-10 puf 250 v
10 X988520-1 Capacitor Johanson JMC 2950 1-10 ppf 250 v
1 457221 -1 Heat sink - - -
18 457336 Spacer - - -
1 457326 Cover assembly - - -
1 457325 Base assembly - - -
4 X988212-8 Connector - - -
1 457389 Transformer - - -
2 457388 Transformer - - -
2 457387 Transformer - - -
2 457390 Transformer - - -
1 X988829 Transistor TI 2N 1141 -
6 X988828-1 Transistor TI 2N 1405
2 X988212-3 Connector Microdot - -
10 X988718-1 Diode Fairchild 1IN 3062 -
6 457373 Coil - - -
2 457370 Coil - - -
23 X988670-22 Coil Delevan - 18 uh 10%
2 X988670-20 Coil Delevan - 12 ph 10%
1 X988670-12 Coil Delevan - 2,7 ph 10%
1 X988670-5 Coil Delevan - 0.68 ph 10%




TWT CONVERTER, 496122, TWO PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 X988601-102  Resistor A-B CB 43K 1/4 w 5%
1 X988602-111 Resistor A-B EB 100K 1/2 w 5%
1 X988601-87 Resistor A-B CB 10K 1/4 w 5%
1 X988601-111 Resistor A-B CB 100K 1/4 w 5%
1 872813C Transformer Hughes - -
1 872814B Transformer Hughes - -
1 872837 Transformer Hughes - -
1 X988503-67 Capacitor Corning CYFMI15C-102] 0.001 pf 300 v 5% glass
2 X988500-55 Capacitor Kemet K15J50K 15,0 pf 50 v 10% tantalum
2 X988500-151 Capacitor Kemet K6RBJ35K 6.8 uf 35v 10% tantalum
1 X988501-47 Capacitor Sprague 118P 0.1 uf 600 v 10% paper
1 X988501-38 Capacitor Sprague 118P 0.0022 uf 600 v 10% paper
2 X988501-7 Capacitor Sprague 118P 0.1 uf 200 v 5% paper
2 X988501-113 Capacitor Sprague 118P 0.01 uf 200 v 5% paper
1 X988700-2 Diode Rheem IN485B(RD1817) -
4 X988802-2 Transistor Fairchild 54967 2N871 -
1 X988801-1 Transistor Fairchild 84970 2N722 -
2 X988816-1 Transistor SP341 2N1724 -
2 X988215-5 Retainer, GRFF DEM9S-NM1 -
Connector
1 X988201-11 Connector GRFF DEM9S-NM1 -
4 978012-2 Terminal, Erie - -
feedthrough .
2 978207-2 Terminal, Erie AA40W-PP -
feedthrough
1 457221-2 Heat sink Hughes - -
3 457221-1 Heat sink Hughes - -
1 457273 Board,component Hughes - -
3 457219 Spacer, tube Hughes - -
1 457218 Cover Hughes - -
1 457217 Housing Hughes - -
1 872816 Inductor Hughes - -
i 872817 Inductor Hughes - -
1 872826 Inductor Hughes - -
2 872827 Inductor Hughes - -
1 872846 Inductor Hughes - -
1 X988601-123 Resistor A-B CB 330K 1/4 w 5%
1 X988601-46 Resistor A-B CB 200 1/4 w 5%
1 X988603-39 Resistor A-B GB 100 1w 5%
1 X988604-63 Resistor A-B EB 1K 2w 5%
1 X988500-144 Capacitor Kemet K22J50K 22 uf 50 v 10%
16 X988724-1 Diode - RD-500(RD2784) -
2 - Resistor - SAZW 100 ohms



IF WIDE-BAND PREAMPLIFIER, 496127, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 457331 Transformer Hughes - -
1 457330 Transformer Hughes - -
1 457329 Transformer Hughes - -
1 X988600-42 Resistor A-B TR 510 5% 1/10 w
1 457332 Choke Hughes - -
3 X988828-1 Transistor TI 2N1405 -
1 X988670-23 Choke Delevan - 1537-44 22,0 ph 10%
9 X988670-22 Choke Delevan .. 1537-42 18.0 uh 10%
1 X988600-73 Resistor A-B i TR 10K 5% 1/10 w
2 X988600-65 Resistor A-B TR 4, 7K 5% 1/10w
1 X988600-61 Resistor A-B TR 3.3K5% 1/10 w
2 X988600-60 Resistor A-B TR 3K5% 1/10 w
8 X988504-32 Capacitor Vitramon VK30CW103K 3K 5% 1/10 w ceramic
1 X988503-67 Capacitor Corning CYFM15C-102 0.001 uf 5% 300 v glass
2 X988503-19 Capacitor Corning CYFM10C-100 10 upf 5% 500 v glass
8 X988526-1 Capacitor A-B (FA5H-102W) 904088-51 0.001 uf 5% 500 v glass
4 X988520-1 Capacitor Johanson IMC2950 0,8-10.0 puuf
2 X988212-8 Connector 51-214 -
1 457201 Cover - - -
1 457203 Base - - -
1 X988503-27 Capacitor Corning CYFM10C-2207 22 puf300v 5%




IF WIDE-BAND LIMITER, 496129, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 457392 Transformer T2 Hughes - -
1 457374 Transformer Tl Hughes - -
1 X988670-1 Coil Delevan - 1537-00 -
8 X988670-22 Coil Delevan- 1537-42 -
1 X988704-12 Diode Hughes HZ8839 8 v Zener
2 X988718-1 Diode Fairchild FD1148 IN3062 -
1 X988829 Transistor - GMO0150 2N1141 -
1 X988828-1 Transistor TI GMO0159 2N1405 -
4 X988212-3 Connector - 31-50 -
1 457391 Coil Hughes - -
1 X988601-35 Resistor A-B CB 68 ohms 1/4 w 5%
1 X988602-55 Resistor A-B EB 4701/2 w 5%
1 X988600-86 Resistor A-B TR 36K 1/10 w 5%
1 X988601-79 Resistor A-B CB 4.7K 1/4 w 5%
2 X988601-72 Resistor A-B CB 2,4K 1/4 w 5%
1 X988600-49 Resistor A-B TR 1K 1/10 w 5%
5 X988600-25 Resistor A-B TR 100 1/10 w 5%
1 X988500-69 Capacitor Kemet KIR5J20K 1.5 uf 20 v
1 X988503-39 Capacitor Corning CYFM10C6803 68 puuf 500 v
2 X988520-1 Capacitor Johanson 3955 1-10 puuf
9 X988504-32 Capacitor Vitramon VK30CW103K 0.01 uuf
8 X988526-1 Capacitor - 909088-51 -
1 X988520-2 Capacitor Johanson 2951 1-10 ppf
1 X988600-84 Resistor A-B TR 30K 1/10 w 5%
1 457221-1 Heat sink Hughes - -
1 457358 Cover assembly Hughes - -
1 457357 Base assembly Hughes - -
1 X988503-7 Capacitor Corning CYFMI10C3R3C 3.3 puf 400 v 5% glass
1 X988503-48 Capacitor Corning CYFM10C161J 160 ppf 100 v 5%
1 X988601-56 Resistor A-B CB 2K 1/4 w 5%
1 X988601-60 Resistor A-B CB 3K 1/4 w 5%
1 X988600-29 Resistor A-B TR 150 ohms 1/10 w 5%
1 X988600-90 Resistor A-B TR 51K 1/10 w 5%



INVERTER MULTIPLIER, 496137, TWO PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 X988601-50 Resistor A-B CB 3001 /4w
2 457221-1 Heat sink- Hughes - -
transistor
1 X988600-61 Resistor A-B TR 3.3K1/10 w
2 NAS1100C04-3 Screw - - -
4 X988147-1 Terminal, stud - - -
1 X988601-96 Resistor A-B CB 24K 1/4 w
1 X988504-16 Capacitor,fixed Vitramon - 0,01 uf 20 15 v
2 X988500-19 Capacitor,fixed Kemet - 6.8 uf 35 v tantalum
2 X988500-22 Capacitor,fixed Kemet - 22 puf 35 v tantalum
1 X872836-A Transformer - - -
1 X872816 Coil, fixed - - -
14 X988601 Resistor A-B CB Selected in test¥
1 X988600-114 Resistor A-B TR 510K 1/10 w
3 X988700-2 Diode Hughes- IN485B -
Rheem
2 X988802-2 Transistor TI-Fairchild $4967 -
13 978207-2 Terminal, stud - - -
1 457239 Cover Hughes - -
1 457246 Housing Hughes - -

*Voltage dividing network.




ENCODER AND SOLENOID DRIVER, 496201,
ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 X988915-1 Rectifier T1 W174(2N1772A) -
4 X988825-2 Transistor TI GP422-2(2N1041-2) -
1 253148 Vector voltage - Purchased -
controlled assembly
oscillator
2 449496 Bracket - - -
1 449497 Spacer - - -
2 449494 Holder, - - -
transistor

Encoder Commutator Module Assembly

1 X988500-203 Capacitor Kemet K1j503 1.0 uf 50 v 5%
88 X988713-1 Diode Fairchild- FD300 -
Rheem
1 X988601-87 Resistor A-B CB 10K 1/4 w 5%
15 X988601-128 Resistor A-B CB 510K 1 /4 w 5%
15 X988821-1 Transistor Philco 2N2185 -

Encoder Isolation Amplifier Module Assermnbly

4 X988500-81 Capacitor Kemet K4R7J10K 4,7 pf 10 v 10%
4 X988601-118 Resistor A-B CB 200K 1/4 w 5%
4 X988802-2 Transistor Fairchild 54967(2N871) -

Encoder Selection Counter Module Assembly

2 X988500-203 Capacitor Kemet K1J50J 1,0 uf 50 v 5%
6 X988504-18 Capacitor - VKZ20CW561K -
7 X988713-1 Diode Fairchild- FD300 -

Rheem
1 X988708-2 Diode Motorola IN938(52927-1) -
1 X988601-72 Resistor A-B CB 2.4K 1/4 w 5%
1 X988601-73 Resistor A-B CB 2.7K 1/4 w 5%
2 X988601-80 Resistor A-B CB 5.1K 1/4 w 5%
6 X988601-104 Resistor A-B CcB 51K 1/4 w 5%
2 X988601-109 Resistor A-B CB 82K 1/4 w 5%
[ X988601-111 Resistor A-B CB 100K 1/4 w 5%
2 X988601-124 Resistor A-B CB 360K 1/4 w 5%
6 X988601-126  Resistor A-B CB 430K 1/4 w 5%
1 X988642-577 Resistor Ultronix 103A 1IK1/10 w
1 X988642-633 Resistor Ultronix 103A 1.96K 1/10 w
1 X988642-637 Resistor Ultronix 103A 2.05K 1/10 w
1 X988642-641 Resistor Ultronix 103A 2.15K 1/10 w
1 X988642-645 Resistor Ultronix 103A 2.26K 1/10 w
1 X988642-649 Resistor Ultronix 103A 2.37K 1/10 w
1 X988642-653 Resistor Ultronix 103A 2.49K 1/10 w
1 X988642-683 Resistor Ultronix 103A 3.57K 1/10 w
1 X988642-685 Resistor Ultronix 103A 3.65K 1/10 w
1 X988642-687 Resistor Ultronix 103A 3.74K 1/10 w
1 X988642-689 Resistor Ultronix 103A 3.83K 1/10 w
1 X988642-691 Resistor Ultronix 103A 3.92K 1/10 w
1 X988642-693 Resistor Ultronix 103A 4.02K 1/10 w
1 - Resistor Ultronix 103A 1.90K 1/10 w
1 - Resistor Ultronix 103A 4,00K 1/10 w



ENCODER AND SOLENOID DRIVER, 496201 (continued)

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 X988642-695 Resistor Ultronix 103A 4.12K1/10 w
1 X988642-697 Resistor Ultronix 103A 4,22K 1/10 w
1 X988642-699 Resistor Ultronix 103A 4,32K 1/10 w
1 X988642-701 Resistor Ultronix 103A 4.42K 1/10 w
1 - Resistor Ultronix 103A 4,90K 1/10 w
1 - Resistor Ultronix 103A 5. 0K 1/10 w
1 - Resistor Ultronix 103A 51K 1/10 w
1 - Resistor Ultronix 103A 5.2K1/10 w
1 X988642-716 Resistor Ultronix 103A 5.3K 1/10w
1 - Resistor Ultronix 103A 5.4K 1/10 w
1 - Resistor Ultronix 103A 5.4K 1/10 w
1 - Resistor Ultronix 103A 5.5K1/10w
1 - Resistor Ultronix 103A 5.6K 1/10 w
1 - Resistor Ultronix 103A 57K 1/10 w
1 X988642-725 Resistor Ultronix 103A 58K 1/10 w
1 - Resistor Ultronix 103A 5.9K 1/10 w
1 - Resistor Ultronix 103A 6.0K1/10 w
1 - Resistor Ultronix 103A 6,1K1/10 w
8 X988821-1 Transistor Philco 2N2185 -
2 X988802-2 Transistor Fairchild 54967/2N871 -
Solenoid Driver Module Assembly
1 X988500-52 Capacitor Kemet K4R7J50K 47 nf 50 v 10%
10 X988713-1 Diode Fairchild- FD300 -
Rheem
2 X925020-7 Diode Motorola IN-3022 -
3 X988714-1 Diode Motorola IN-3189 -
4 X988601-39 Resistor A-B CB 100 1/4 w 5%
3 X988601-63 Resistor A-B CB 1K 1/4 w 5%
16 X988601 -64 Resistor A-B CB 1.1K 1/4 w 5%
1 X988601-70 Resistor A-B CB 2K 1/4 w 5%
4 X988601-74 Resistor A-B CB 3K 1/4 w 5%
1 X988601-76 Resistor A-B CB 3.6K1/4 w 5%
1 X988601-87 Resistor A-B CB 10K 1/4 w 5%
2 X988601-96 Resistor A-B CB 24K 1 /4 w 5%
1 X988601 -98 Resistor A-B CB 30K 1/4 w 5%
2 X988801 -1 Transistor Fairchild S4979 2N722 -
Encoder Amplifier Module Assembly
2 X988500-48 Capacitor Kemet K1J50K 1.0 uf 50 v 10%
1 X988500-70 Capacitor Kemet K2R 2J20K 2.2 pf 20 v 10%
1 X988500-52 Capacitor Kemet K4R7J50K 4.7 pf 50 v 10%
2 X988504-26 Capacitor Vitramon VK36CW332K -
4 X988504-32 Capacitor Vitramon VK30CWI103K 0.01 puf 30 v 10%
5 X988713-1 Diode Fairchild- FD300 -
Rheem
1 X988601-63 Resistor A-B CB 1,0K 1/4 w 5%
1 X988601 -86 Resistor A-B CB 9.1K 1/4 w 5%
1 X988601-99 Resistor A-B CB 33K 1/4w 5%
2 X988601-100 Resistor A-B CB 36K 1/4 w 5%
1 X988601-103 Resistor A-B CB 47K 1/4 w 5%




ENCODER AND SOLENOID DRIVER, 496201 (continued)

Hughes Commercial
Quantity Number Item Manufacturer Number Note
Encoder Amplifier Module Assembly
1 X988601-104 Resistor A-B CB 51K 1/4 w 5%
1 X988601-114 Resistor A-B CB 130K 1/4 w 5%
2 X988601-109  Resistor A-B CB 82K 1/4 w 5%
4 X988601-111 Resistor A-B CB 100K 1/4 w 5%
1 X988601-113 Resistor A-B CB 120K 1/4 w 5%
1 X988601-116 Resistor A-B CB 160K 1/4 w 5%
1 X988601-122 Resistor A-B CB 300K 1/4 w 5%
1 X988601-128 Resistor A-B CB S10K 1/4 w 5%
1 X988610-211 Resistor A-B CG 1,54K 1/8 w 5%
1 X988610-231 Resistor A-B CcG 2.49K 1/8 w 5%
1 X988610-323 Resistor A-B CcG 22.6K 1/8 w 5%
1 X988610-343 Resistor A-B cG 36.5K1/8 w 5%
1 X988612-429  Resistor Mepco NF85 287K carbon film
6 X988802-2 Transistor Fairchild 2NB871(S49C7) -
1 X988821-1 Transistor Philco 2N2185 -



TELEMETRY BIAS SUPPLY, 496202, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
4 AN960-C3 Washer - - -
8 NAS671-CO Nut - - -
8 NAS1101C-00-3 Screw - - -
2 NAS1101C-04-3 Screw - - -
1 X988500-52 Capacitor Kemet K4R7J50K 4.7 puf 50 v 10% tantalum
5 X988500-48 Capacitor Kemet K1J50K 1 1f 50 v 10% tantalum
1 X988503-67 Capacitor Corning CYFM 0. 001 wf 300 v 5% glass
1 X988504-32 Capacitor Vitramon VK30CWI103K 0.01 uf30v5%
3 X988602-62 Resistor A-B EB 910 1/2 w 5%
6 X988602-18 Resistor A-B EB 121/2 w 5%
2 X988601-56 Resistor A-B CB 510 1/4 w 5%
2 X988601-92 Resistor A-B CB 16K 1/4 w 5%
1 X988601-107 Resistor A-B CB 68K 1/4 w 5%
4 X988724-1 Diode Rheem RD500 (RD2784) -
1 X872816 Coil Hughes - -
1 X873042 Transformer Hughes - -
2 457221-1 Heat sink Hughes - -
2 X988802-2 Transistor Fairchild 54967 2N871 -
3 978207-2 Terminal, stud - - -
6 X988147-1 Terminal, stud, - - -
ground
1 457369 Terminal Hughes - -
2 X988214-1 Connector, GRFF 8-2260 Coaxial-TM
receptacle
1 457760 Cover Hughes - -
i 457761 Housing Hughes - -




TELEMETRY TRANSMITTER, 496211 (continued)

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 457381 Transformer, Hughes - -
RF core
1 457380 Transformer, Hughes - -
RF core
2 X988670-11 Choke, RF Delevan 1537-08 0. 68 uh 10%
1 457379 Coil, RF Hughes - -
1 - Button - - Boron nitride
1 - Capacitor - - 15 puf 500 v 5% glass
1 X988503-23 Capacitor Corning CYFM 22 ppf 500 v 5% glass
2 X988503-27 Capacitor Corning CYFM 56 puf 500 v 5% glass
1 X988503-37 Capacitor - CYFM 100 puf 500 v 5% glass
5 X988503-43 Capacitor - CYFM 10C5607 56 puf 500 v 5%
1 X988500-17 Capacitor Corning CYFM 10C101J 100 puf 500 v 5%
9 X988526-1 Capacitor Kemet 909088-51 0.1 uf 50 v 20%
1 X988670-1 Choke A-B FASH-102W 0. 001 500 v ceramic
4 - Core Delevan - 0.15 ph 10%
6 - Core - - -
1 - Dissipator - - -
1 - Dissipator - - -
2 - Lock - - -
2 X988601-32 Resistor A-B CB 51 ohms 1/4 w 5%
2 X988602-32 Resistor A-B EB 51 ohms 1/2 w 5%
2 X988601-33 Resistor A-B CB 56 ohms 1/4 w 5%
2 X988602-46 Resistor A-B EB 200 ohms 1/2 w 5%
2 X988601-87 Resistor A-B CB 10K 1/4 w 5%



TELEMETRY TRANSMITTER, 496211, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

2 457378 Coil, RF Hughes - -

2 457377 Coil, RF Hughes - -
18 X988670-16 Choke, RF Delevan 1537-30 5.60 uh 10%

1 457376 Coil, RF Hughes - -

2 X988215-5 Screw lock assembly - D20418-11 -

8 X988520-1 Capacitor Johanson 2950 0.8-10.0 ppuf 250 v
2 X988520-2 Capacitor Johanson 2951 0.8-10.0 puf 250 v
1 X988500-72 Capacitor Kemet K15J20K 15.0 pf10% 20 v
1 X988501 -7 Capacitor Sprague - 0.1 pf 10% 200 v
12 X988504-32 Capacitor Vitramon VK30CW103K 0.01 uf 30v

3 X988503-19 Capacitor Corning CYFR10C-100 -

2 X988503-59 Capacitor Corning CYFR15C-471 470 ppf 5% 500 v
1 X988503-14 Capacitor Corning CYFR10C-6R2 -

2 X988503-35 Capacitor Corning CYFR10C-470 47 puf 5% 500 v
6 X988503-67 Capacitor Corning CYFR15C-102 1000 pwpuf 5% 300 v
2 X988603-15 Resistor A-B GB 101 w 5%

1 X988603-37 Resistor A-B GB 821w 5%

1 X988603-56 Resistor A-B GB 5101 w 5%

1 X988603-77 Resistor A-B GB 3.9K1 w 5%

2 X988600-121 Resistor A-B TR lmeg l/4w5%
3 X988600-55 Resistor A-B TR 1.8K 1/4 w 5%

1 X988600-59 Resistor A-B TR 2,7K 1/4 w 5%

1 X988600-114 Resistor A-B TR 510K 1/4 w 5%

1 X988600-110 Resistor A-B TR 360K 1/4 w 5%

4 X988600-73 Resistor A-B TR 10K 1/4 w 5%

2 X988600-29 Resistor A-B TR 150 1/4 w 5%

3 X988600-49 Resistor A-B TR 1K 1/4 w 5%

1 X988600-44 Resistor A-B TR 620 1/4 w 5%

2 X988903-7 Diode - PCl117-47 PC4005 Varicap

2 X988704-4 Diode, Zener PsSI PS4249 4 v Zener

4 X988903-3 Diode - PC115-110 PC4002 Varicap

1 X988819-1 Transistor Motorola 2N707A SM590 -

1 X988826-1 Transistor PSI 2N1506 PRTI1516 -

3 X988828-1 Transistor TI 2N1405 GMO0159 -

1 X988660-2 Crystal Bliley - 68. 235 mc

1 X988813-1 Transistor PSl 2N1709 PRT673 -

1 457207 Cover - - -

1 457206 Chassis - - -

1 X988503-12 Capacitor, fixed Corning CYFR10C-5R1 -

1 457808 Cap - - -

1 457209 Retainer - - -

1 X988214-2 Connector, RF - 82265 -

1 X988201-1 Connector - DEM-9P-NM1 -

1 457385 Transformer, RF Hughes - -

1 457384 Transformer, RF Hughes - -

1 457383 Transformer, RF Hughes - -

1 457382 Transformer, RF Hughes - -




DIPLEXER, 136 MC, 496221,

TWO PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
8 457336 Insulator, glass Hughes - -
1 X988600-92 Resistor A-B TR 62K 1/10 w 5%
1 X988718-1 Diode Fairchild IN3062{FD1148) -
1 457356-9 Coil Hughes - -
1 457356-8 Coil Hughes - -
1 457356-7 Coil Hughes - -
1 457356-6 Coil Hughes - -
1 457356-5 Coil Hughes - -
1 457356-4 Coil Hughes - -
1 457356-3 Coil Hughes - -
1 457356-2 Coil Hughes - -
1 457356-1 Coil Hughes - -
1 X988601-52 Resistor . A-B CB 360 1/4 w 5%
1 X988503-67 Capacitor Corning CYFM15C-102 0.001 pf 300 v 5% glass
2 X988503-7 Capacitor Corning CYFMI10C-3R3 3,3 uf 400 v 5% glass
4 X988503-26 Capacitor Corning CYFMI10C-200 20 wuf 500 v 5% glass
1 X988503-28 Capacitor Corning CYFMI10C-240 24 puf 500 v 5% glass
1 X988503-27 Capacitor Corning CYFMI10C-220 22 put 500 v 5% glass
3 X988520-1 Capacitor Johanson JMC 2950 1.10 puf 250 v
4 X988520-2  Capacitor Johanson JMC 2951 1-10 yuf 250 v
1 X988503-23 Capacitor Corning CYFRI10C-1507 15 puf 500 v 5% glass
7 987207-2 Terminal, feedthrough - - -
1 X988526-1 Capacitor, feedthrough A-B - 0.001 pf ceramic
(FASH-102W)
1 X988212-3 Connector Microdot 31-50 -
2 X988214-2 Connector GRFF 8-2265 -
1 X988214-4 Connector GRFF 2272 -
1 457223 Cover Hughes - -
1 457222 Housing Hughes - -



COMMAND RECEIVER, 496301, TWO PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

1 X988601-17 Resistor A-B CB 121/4 w 5%

1 X988601-23 Resistor A-B CB 221/4 w 5%

1 X988600-75 Resistor A-B TR 12K 1/10 w 5% composition
2 X988601-25 Resistor A-B CB 27 1/4w 5% composition
1 X988603-77 Resistor A-B CB 3.9K 1 w 5% composition

1 X988601-74 Resistor A-B CB 3.0K 1/4 w 5% composition
1 X988600-97 Resistor A-B TR 100K 1/10 w 5% composition
8 X988600-73 Resistor A-B TR 10K 1/10 w 5% composition
1 X988600-72 Resistor A-B TR 9.1K 1/10 w 5% composition
2 X988600-69 Resistor A-B TR 6.8K 1/10w 5% composition
1 X988600-66 Resistor A-B TR 5.1K1/10w 5% composition
6 X988600-61 Resistor A-B TR 3.3K1/10w 5% composition
2 X988600-59 Resistor A-B TR 2. 7K1/10w 5% composition
6 X988600-57 Resistor A-B TR 2.2K1/10w 5% ~omposition
1 X988600-53 Resistor A-B TR 1.5K1/10w 5% composition
1 X988600-49 Resistor A-B TR 1.0K1/10w 5% composition
2 X988600-32 Resistor A-B TR 200 1/10 w 5% composition
1 X988601-27 Resistor A-B CB 33 1/4 w 5% composition
1 X988500-55 Capacitor Kemet K15J50K 15 nf 50 v 10% tantalum

1 X988500-72 Capacitor Kemet K15J20K 15 uf 20 v 10% tantalum

1 X988503-60 Capacitor Corning CYFMI15C-511 510 puf 500 v 5% glass

1 X988503-36 Capacitor Corning CYFMI10C-510 51 upf 500 v 5% glass

2 X988503-67 Capacitor Corning CYFM15C-102 0.001 1. f 300 v 5% glass

3 X988503-19 Capacitor Corning CYFMI10C-100 10 puf 300 v 5% glass

26 X988504-32 Capacitor Vitramon VK30CWI103K 0.01 uf 30 v 5% ceramic

6 X988503-50 Capacitor Corning CYFM10C-201 200 pp f 300 v 5% glass

2 X988503-12 Capacitor Corning CYFM10C-5R1 -

11 X988520-1 Capacitor Johanson 3935 0.8-10.0 ppf

25 X988526-1 Capacitor A-B 904088-51 1000 ppuf ceramic

(FASH-102W)

1 X988214-4 Connector Microdot - 315D

2 X988212-3 Connector Microdot - GRFF 82272

1 457214 Cover Hughes - -

1 457215 Housing Hughes - -

8 978323-1 Terminal, standoff - - -

1 X988660-3  Crystal Bliley - 118, 297 mc

1 Al109395 Filter can - - -

1 - Crystal filter Hughes B295AA -

6 457375 Transformer Hughes - -

1 457352 Terminal Hughes - -

2 457221-1 Heat sink Hughes - -

1 X988914-1 Diode Hughes IN198 -

Ray Syl

1 X988704-4 Diode IN748A PSI IN748 PS54249

6 X988718-1 Diode IN3062 Fairchild IN3062 FD114B

1 457226-3 Coil Coast Coil - -

2 457226-2 Coil Coast Coil - -

1 457226-1 Coil Coast Coil - -

14 X988670-20 Coil, fixed Delevan 1537-38 12,0 ph 10%

1 X988670-1 Coil, fixed Delevan 1537-00 0.15 uh 10%

1 X988670-2 Coil, fixed Delevan 1537-02 0.22 ph 10%

11 X988670-10 Coil, fixed Delevan 1537-18 1.80 . h 10%

1 XH88802-2  Transistor Fairchild 54967 -

1 X988801-1 Transistor Fairchild 2N722 FD4979

9 X988828-1 Transistor TI 2N1405 GMO0159

1 X988503-27 Capacitor Corning CYFMI10C-220J -

5 X988600-43 Resistor A-B TR 560 1/10 w 5% glass

1 Resistor A-B TR 150 1/10 w 5% glass

X988600-29




RANGE FILTER, 496310, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
2 X988503-13 Capacitor Corning - 39 ppf
1 X988802-1 Transistor Fairchild 2N871 -
2 X988801-1 Transistor Fairchild 2N722 -
3 X988718-1 Diode Fairchild 1N3062 -
1 X988504-32 Capacitor Vitramon VK 0.01 pf
1 X988500-136 Capacitor Kemet K1J50K 1,0 uf 50 v 10%
1 X988500-149 Capacitor Kemet KR1J50K 0.1 uf50 v 10%
2 X988500-154 Capacitor Kemet K22J50K 22 uf 35 v 10%
2 X988503-12 Capacitor Corning CYFR 501 puf500v 5%
1 X988602-87 Resistor A-B EB 10K ohms 50 w
1 X988600-10 Resistor A-B TR 1/10 w 24 ohms 5%
1 X9588600-9 Resistor A-B TR 1/10 w 22 ohms 5%
1 X988600-121 Resistor A-B TR 1/10w 1,0M 5%
1 X988600-97 Resistor A-B TR 1/10 w 100K 5%
1 X988600-94 Resistor A-B TR 1/10 w 75K 5%
1 X988600-86 Resistor A-B TR 1/10 w 36K 5%
1 X988600-81 Resistor A-B TR 1/10 w 22K 5%
1 X988600-65 Resistor A-B TR 1/10 w 4. 7K 5%
1 X988600-59 Resistor A-B TR 1/10 w 2,7K 5%
1 X988600-55 Resistor A-B TR 1/10 w 1. 8K 5%
2 X988600-49 Resistor A-B TR 1/10 w 1K 5%
2 X988414-1 Coil Coast coils - -
3 457221-1 Heat sink Hughes - -
1 457318 Cover Hughes - -
1 457317 Housing Hughes - -



DECODER FILTER, 496311, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
10 X988503-53 Capacitor Corning CYFM 10C2717J 270 ppf 300 v 5%
3 X988503-52 Capacitor Corning CYFM 10C2417J 240 puf 300 v 5%
3 X988503-51 Capacitor Corning CYFM 10C221J 220 ppf 300 v 5%
2 X988503-27 Capacitor Corning CYFM 10C220J 22 ppf 300 v 5%
1 X988503-50 Capacitor Corning CYFM 10C201J 200 ppf 300 v 5%
2 X988503-49 Capacitor Corning CYFM 10C181J 180 puf 300 v 5%
5 X988503-47 Capacitor Corning CYFM 10C151J 150 ppf 500 v 5%
2 X988503-45 Capacito? Corning CYFM 10C121J 120 ppf 500 v 5%
4 X988503-43 Capacitos Corning CYFM 10C101J 100 ppf 500 v 5%
9 X988503-64 Capacitor Corning CYFM 15C7517J 750 puf 300 v 5%
4 X988503-165 Capacitor Corning CYFM 15Cl1127 1100 ppf 300 v 5%
2 X988504-32 Capacitor Vitramon VK30CWI103K 0.01 pf 30 v 10%
2 X988500-55 Capacitor Kemet K15 J 50K 15 pf 50 v 10%
2 X988500-72 Capacitor Kemet K15 J 20K 15 pf 20 v 10%
2 X988500-15 Capacitqy Kemet KR022J 50K 0.022 pf 50 v 20%
z X988500-61 Capacitor Kemet KRIJ 50K 0.1 uf 50 v 10%
2 X988500-16 Capacitor Kemet KR 0477 50K 0.047 uf 50 v 20%
2 X988600-75 Resistor A-B TR 1/10 w 12K
2 X988600-49 Resistor A-B TR 1/10 w 1K
2 X988600-57 Resistor A-B TR 1/10 w 2. 2K
4 X988600-97 Resistor A-B TR 1/10 w 100K
2 X988600-62 Resistor A-B TR 1/10 w 3. 6K
2 X988600-86 Resistor A-B TR 1/10 w 36K
2 X988600-107 Resistor A-B TR 1/10 w 270K
2 X988600-118 Resistor A-B TR 1/10 w 750K
2 X988600-121 Resistor A-B TR 1/10 w 1 meg
2 X988600-77 Resistor A- TR 1/10 w 15K
14 X988718-1 Diode Fairchild (IN-3062)FD 1148 -
10 X988801-1 Transistor Fairchild (2N -722) S 4970 -
2 X988802-1 Transistor Fairchild (2N-871) S 4967 -
1 X457393 Cover Hughes - -
1 457216 Housing Hughes - -
2 X988415-2 Coil Coast Coils 457213-2 20 ph 1%
12 X988415-1 Coil Coast Coils 457213 -1 20 ph 1%
2 CY30C912J7 Capacitor Corning CYRF 30C-912 9100 ppf 5%
2 X988502-30 Capacitor Electro- HRDM-20 8200 ppf 300 v 5%
Motive
4 X988502-29 Capacitor Electro- HRDM-20 7500 ppf 300 v 5%
Motive
4 X988502-28 Capacitor Electro- HRDM-20 6800 ppuf 300 v 5%
Motive
4 CY30C-6227T Capacitor Corning CYFR 30C-622 6200 ppf 300 v 5%
4 CY30C-5627 Capacitor Corning CYFR 30C-562 5600 ppf 300 v 5%
11 X988502-31 Capacitor Electro- HRDM-20 10000 puf 300 v 5%
Motive
2 X988503-79 Capacitor Corning CYFM 20C-362 3600 puf 300 v 5%
4 X988503-78 Capacitor Corning CYFM 20C-332 3300 ppf 300 v 5%
4 X988503-77 Capacitor Corning CYFM 20C-302 3000 puf 300 v 5%
2 X988503-76 Capacitor Corning CYFM 20C-272 2700 puf 500 v 5%
2 X988503-75 Capacitor Corning CYFM 20C-242 2400 ppf 500 v 5%
2 X988503-74 .Capacitor Corning CYFM 20C-222 2200 puf 500 v 5%
2 X988503-72 Capacitor Corning CYFM 20C-182 1800 ppf 500 v 5%
2 X988503-70 Capacitor Corning CYFM 20C-152 1500 puf 500 v 5%
4 X988503-66 Capacitor Corning CYFM 15C-911 910 puf 300 v 5%
3 X988503-65 Capacitor Corning CYFM 15C-8217J 820 puf 300 v 5% glass
2 X988503-63 Capacitor Corning CYFM 15C-6817J 680 puf 300 v 5% glass
2 X988503-62 Capacitor Corning CYFM 15C-6217J 620 ppf 300y 5% glass
1 X988503-61 Capacitor Corning CYFM 15C-5617J 560 puf 300 v 5% glass
2 X988503-60 Capacitor Corning CYFM 15C-511J 510 wupf 500 v 5% glass
2 X988503-59 Capacitor Corning CYFM 15C-4717J 470 ppf 500 v 5% glass
3 X988503-58 Capacitor Corning CYFM 15C-4317J 430 ppf 500 v 5% glass
3 X988503-57 Capacitor Corning CYFM 15C-3917J 390 ppuf 500 v 5% glass




DECODER FILTER 496311 (continued)

Hughes - Commercial
Quantity Number Item Manufacturer Number Note
1 X988503-56 Capacitor Corning CYFM 15C-3617 360 ppf 500 v 5% glass
4 X988503-55 Capacitor Corning CYFM 15C-331J 330 puf 500 v 5% glass
16 X988503-68 Capacitor Corning CYFM 15C-122) 1200 ,uf 300 v 5% glass
4 X988503-67 Capacitor Corning CYFM 15C-102J 1000 ypu f 300 v 5% glass
2 X988503-41 Capacitor Corning CYFM 10C-820J 82 puf 500 v 5% glass
2 X988503-39 Capacitor Corning CYFM 10C-680J 68 puf 500 v 5% glass
2 X988503-35  Capacitor Corning CYFM 10C-470J 47 puf 500 v 5% glass
2 X988503-33  Capacitor Corning CYFM 10C-390J 39 wpf 500 v 5% glass
2 X988503-31  Capacitor Corning CYFM 10C-330J 33 puf 500 v 5% glass
6 X988503-54 Capacitor Corning CYFM 10C-301J 300 up f 300 v 5% glass



ENCODER AND DECODER LOGIC, 496312,
ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
Encoder Commutator Module Assembly — 449446
1 X988500-203 Capacitor Kemet K1J50K L wf50v 5%
88 X988713-1 Diode Rheem/Fairchild FD300 -
1 X988601-87 Resistor A-B CB 10K 1/4 w 5%
15 X988601-128 Resistor A-B CB 310 w 1/4 w 5%
15 X988821-1 Transistor Philco 2N 2185 -
Encoder Selection Counter Module Assembly — 449448
2 X988500-203 Capacitor Kemet K1J50K 1 uf50v 5%
6 X988504-18 Capacitor - VK20CW561K -
7 X988713-1 Diode Rheem/Fairchild FD300 -
1 X988708-2 Diode Fairchild IN938 -
1 X988601-72 Resistor A-B CB 2.4K 1/4 w 5%
1 X988601-73 Resistor A-B CB 2,7K 1/4 w 5%
2 X988601-80 Resistor A-B CB 5.1K1/4 w 5%
6 X988601-104 Resistor A-B CB 51K 1/4 w 5%
2 X988601-109 Resistor A-B CB 82K 1/4 w 5%
6 X988601-111 Resistor A-B CB 100K 1/4 w 5%
2 X988601-124 Resistor A-B CB 360K 1/4 w 5%
6 X988601-126 Resistor A-B CB 430K 1/4 w 5%
1 X988642-577 Resistor Ultronix 103A 1.0K1/10 w 1%
1 - Resistor Ultronix 103A 1.9K 1/10 w 1%
1 X988642-633 Resistor Ultronix 103A 1.96K1/10 w 1%
1 X988642-637 Resistor Ultronix 103A 2.05K1/10w 1%
1 X988642-641 Resistor Ultronix 103A 2,15K 1/10w 1%
1 X988642-645 Resistor Ultronix 103A 2.26K1/10w 1%
1 X988642-649 Resistor Ultronix 103A 2.37K 1/10 w 1%
1 X988642-653 Resistor Ultronix 103A 2.49K 1/10 w 1%
1 X988642-683 Resistor Ultronix 103A 3.57K 1/10 w 1%
1 X988642-685 Resistor Ultronix 103A 3.65K1/10w 1%
1 X988642-687 Resistor Ultronix 103A 3.74K 1/10w 1%
1 X988642-689 Resistor Ultronix 103A 3,83K 1/10w 1%
1 X988642-691 Resistor Ultronix 103A 3,92K 1/10 w 1%
1 - Resistor Ultronix 103A 4, 0K 1/10w 1%
1 X988642-693 Resistor Ultronix 103A 4,02K 1/10 w 1%
1 X988645-695 Resistor Ultronix 103A 4.12K1/10 w 1%
1 X988642-697 Resistor Ultronix 103A 4,22K 1/10 w 1%
1 X988642-699 Resistor Ultronix 103A 4,32K1/10 w 1%
1 X988642-701 Resistor Ultronix 103A 4.42K 1/10w 1%
1 - Resistor Ultronix 103A 4, 9K 1/10w 1%
1 - Resistor Ultronix 103A 5. 0K 1/10 w 1%
1 - Resistor Ultronix 1034 5.1K1/10w 1%
1 - Resistor Ultronix 103A 5.2K 1/10w 1%
1 X988642-716 Resistor Ultronix 103A 5.3K 1/10 w 1%
1 - Resistor Ultronix 103A 5.4K 1/10 w 1%
1 - Resistor Ultronix 103A 5.5K1/10w 1%
1 - Resistor Ultronix 103A 5.6K1/10w 1%
1 - Resistor Ultronix 103A 5,7K1/10 w 1%
1 - Resistor Ultronix 103A 5.8K1/10w 1%
1 X988642-725 Resistor Ultronix 103A 5.9K 1/10w 1%
1 - Resistor Ultronix 103A 6,0K1/10w 1%
i - Resistor Ultronix 103A 6.1K1/10w 1%
1 - Resistor Ultronix 103A 6.2K1/10w 1%
8 X988821-1 Transistor Philco 2N2185 -
2 X988802-2 Transistor Fairchild S4967 2N871 -




ENCODER AND DECODER LOGIC, 496312 (continued)

Hughes Commercial
Quantity Number Item Manufacturer Number Note
Encoder Amplifier Module Assembly — 449450
2 X988500-48 Capacitor Kemet K1J50K 1 p£50v 10%
1 X988500-70 Capacitor Kemet K100J20K 2.2 uf 20 v 10%
1 X988500-52 Capacitor Kemet K4R7J50K 4.7 uf 50 v 10%
2 X988504-26 Capacitor Vitramon VK36CW332K 3300 £ 150 v 20%
4 X988504-32 Capacitor Vitramon VK 0.01 pf 150 v 10%
5 X988713-1 Diode Rheem/Fairchild FD300 -
1 X988601-63 Resistor A- CB 1K 1/4 w 5%
1 X988601-86 Resistor A-B CB 9.1K 1/4 w 5%
1 X988601-99 Resistor A-B CB 33K 1/4 w 5%
2 X988601-100 Resistor A-B CB 36K 1/4 w 5%
1 X988601-103 Resistor A-B CB 47K 1/4 w 5%
1 X988601-104 Resistor A-B CB 51K 1/4 w 5%
1 X988601-114 Resistor A-B CB 130K 1/4 w 5%
2 X988601-109 Resistor A-B CB 82K 1/4 w 5%
4 X988601-111 Resistor A-B CB 100K 1/4 w 5%
1 X988601-113 Resistor A-B CB 120K 1/4 w 5%
1 X988601-116 Resistor A-B CB 160K 1/4 w 5%
1 X988601-122 Resistor A-B CB 300K 1/4 w 5%
1 X988601-128 Resistor A-B CB 510K 1/4 w 5%
1 X988610-211 Resistor T CG 1.54K 1/8 w 1%
1 X988610-231 Resistor TI CG 2.49K 1/8 w 1%
1 X988610-323 Resistor TI CcG 22.6K 1/8 w 1%
1 X988610-343 Resistor TI1 CG 36.5K 1/8 w 1%
1 X988612-429 Resistor Mepco, Inc, NF -85 287K 100 w 1%
6 X988802-2 Transistor Fairchild 54967 2N871 -
1 X988821-1 Transistor Philco 2N2185 -
Decoder Input-Output Module Assembly — 449454
1 X988500-47 Capacitor Kemet KR68J50K -
26 X988713-1 Diode Rheem/Fairchild FD300 -
1 X988601-86 Resistor A-B CB 9.1K 1/4 w 5%
2 X988601-90 Resistor A-B CB 13K 1/4 w 5%
2 X988601-92 Resistor A-B CB 16K 1/4 w 5%
2 X988601-94 Resistor A-B CB 20K 1/4 w 5%
2 X988601-96 Resistor A-B CB 24K 1/4 w 5%
2 X988601-98 Resistor A-B CB 30K1/4 w 5%
4 X988601-101 Resistor A-B CB 39K 1/4 w 5%
1 X988601-110 Resistor A-B CB 91K 1/4 w 5%
2 X988601-117 Resistor A-B CB 180K 1/4 w 5%
7 X988601-118 Resistor A-B CB 200K 1 /4 w 5%
2 X988601-119 Resistor A-B CB 220K 1/4 w 5%
4 X988601-123 Resistor A-B CB 300K 1/4 w 5%
1 X988601-127 Resistor A-B CB 470K 1/4 w 5%
16 X988802-2 Transistor Fairchild 54967 2N871 -

Decoder Counter Module

Assembly — 449452

2
20
42

X988500-48
X988504-22
X988713-1
X988601-87
X988601-94
X988601-114
X988601-117
X988601-133
X988802-2

Capacitor
Capacitor
Diode
Resistor
Resistor
Resistor
Resistor
Resistor
Transistor

Vector Voltage Controlled Oscillator

Kemet
Vitramon

Rheem/Fairchild

A-B

RES e
W oW

airchild

Purchased Item — See Specification Control Drawing 253148

K1J50K
VK30CW122K
FD300

54967 2N871

1 uf50 v 10%

10K 1/4 w 5%
20K 1/4 w 5%
130K 1/4 w 5%
180K 1/4 w 5%
820K 1/4 w 5%



DECODER SWITCHING UNIT, 496313, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 449487 Chassis - - -

subassembly

Decoder AND Gate Module Assembly

156 X9388713-1 Diode Rheem- FD300 -
Fairchild
4 X988601-96 Resistor A-B CB 24K 1/4 w 5%
22 X988601-107 Resistor A-B CB 68K 1/4 w 5%

Quadrant Mode Module Assembly

8 X988500 Capacitor Kemet KR33J50K 0.33 puf 50 v 10%
8 X988504-22 Capacitor Vitramon VK30CWI122K 0.01 uf 30 v 10%
48 X988713-1 Diode Rheem- FD300 -
Fairchild
4 X988601-92 Resistor A-B CB 16K 1/4 w 5%
4 X988601-98 Resistor A-B CB 30K 1/4 w 5%
8 X988601-101 Resistor A-B CB 39K 1/4 w 5%
4 X988601-102 Resistor A-B CB 43K 1/4 w 5%
4 X088601-103 Resistor A-B CB 47K 1/4 w 5%
8 X988601-114 Resistor A-B CB 130K 1/4 w 5%
8 X988601-117 Resistor A-B CB 180K 1/4 w 5%
4 X988601-118 Resistor A-B CB 200K 1/4 w 5%
4 X988601-123 Resistor A-B CB 330K 1/4 w 5%
4 X988601-128 Resistor A-B CB 510K 1/4 w 5%
8 X988601-133 Resistor A-B CB 820K 1/4w 5%
4 X988601-135 Resistor A-B CB 1 meg 1/4 w 5%
24 X988802-2 Transistor Fairchild S4967/2N871 -
Decoder On-Off Module Assembly
26 X988713-1 Diode Rheem- FD300 -
Fairchild
2 X988601-96 Resistor A-B CB 24K 1/4 w 5%
2 X988601-135 Resistor A-B CB 1l meg 1/4 w 5%
14 X988802-2 Transistor Fairchild S4967/2N871 -
Inverter Module Assembly
5 X988601-110 Resistor A-B CB 91K 1/4 w 5%
5 X988601-113 Resistor A-B CB 120K 1/4 w 5%
5 X988601-134 Resistor A-B CB 910K 1/4 w 5%
5 X988601-135 Resistor A-B CB l meg 1/4 w 5%
5 X988611-212  Resistor A-B CG 3.92K 1/4 w 1%
5 X988611-274 Resistor A-B CG 17.4K 1/4 w 1%
2 X988611-325 Resistor A-B CG 59.0K 1/4 w 1%
2 X988611-354 Resistor A-B CG 118K 1/4 w 1%
7 X988802-2 Transistor Fairchild 54967/2N871 -
Solenoid Drive Input Module Assembly
1 X988500-48 Capacitor Kemet K1J50K -
10 X988713-1 Diode Rheem- FD300 -
Fairchild
2 X988601-83 Resistor A-B CB 6.8K 1/4 w 5%
2 X988601-95 Resistor A-B CB 22K 1/4 w 5%
5 X988601-96 Resistor A-B CB 24K 1/4 w 5%
1 X988601-98 Resistor A-B CB 30K 1/4 w 5%
1 X988601-111 Resistor A-B CB 100K 1/4 w 5%
1 X988601-122 Resistor A-B CB 300K 1/4 w 5%
2 X988601-124 Resistor A-B CB 360K 1/4 w 5%
3 X988601-134 Resistor A-B CB 910K 1/4 w 5%
5 X988601-135 Resistor A-B CB 1 meg 1/4 w 5%
15 X988802-2 Transistor Fairchild S54967/2N871 -




APOGEE MOTOR IGNITION TIMER, 496406, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note
1 X988209-39 Connector - - -
1 X988201-1 Connector Cannon DEM-9P-NMI -
1 X988915-1 Silicon TI W174 2N1772A -
controlled
rectifier
6 X988500-5 Capacitor Kemet KIR5J50K 1.5 pf 50 v 20%
4 X988504-16 Capacitor A-B Ceramic 0.01 pf 150 v 20%
2 X988500-11 Capacitor Kemet K15J50K 15 uf 50 v 20%
12 - - - - -
2 - - - - -
4 X988601-133 Resistor A-B CB 1/4 w 820K 5%
6 X988601-115 Resistor A-B CB 1/4 w 150K 5%
2 X988601-132 Resistor A-B CB 1/4 w 750K 5%
2 X988601-116 Resistor A-B CB 1/4 w 160K 5%
2 X988601-119 Resistor A-B CB 1/4 w 220K 5%
2 X988601-112 Resistor A-B CB 1/4 w 110K 5%
6 X988601-70 Resistor A-B CB 1/4 w 2K 5%
2 X988601-97 Resistor A-B CcB 1/4 w 27K 5%
2 X988601-90 Resistor A-B CB 1/4 w 13K 5%
2 X988601-79 Resistor A-B CB 1/4 w 4. 7K 5%
4 X988601-71 Resistor A-B CB 1/4 w 2. 2K 5%
2 X988601-49 Resistor A-B CB 1/4 w 270K 5%
2 X988601-84 Resistor A-B CB 1/4w 7.5K 5%
8 X988802-2 Transistor Fairchild $4967/2N871 -
6 X988801-1 Transistor Fairchild 54979/2N722 -
2 2N886 (GFE) Silicon - - -
controlled
switch
2 X988601] -* Resistor - - *Selected
3 X988713-1 Diode Fairchild- FD-300 -
Rheem
1 X988705-5 Diode PSl PS 4243 -
1 X988714-1 Diode Motorola SR 396 -
2 X988500-5 Capacitor Kemet KIR5J50K 1.5 uf 50 v 20%
2 X988610-371 Resistor TI CcG 1/8 w 71. 5K 1%
1 X988610-345 Resistor TI CcG 1/8 w 38. 3K 1%
2 X988601-112 Resistor A-B CB 1/4 w 110K 5%
1 X988601-95 Resistor A-B CB 1/4 w 22K 5%
4 X988601-74 Resistor A-B CB 1/4 w 3K 5%
1 X988601-63 Resistor A-B CB 1/4 w 1K 5%
1 X988601-87 Resistor A-B CB 1/4 w 10K 5%
1 X988601-83 Resistor A-B CB 1/4 w 6. 8K 5%
3 X988801-1 Transistor Fairchild FD4979/2N722 -
2 NASA/GD-574 Decade, counter - - -

1008-200 (GFE)



SOLAR PANEL,

496501, FOUR PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

1 X988620-1 Resistor A-B CAH 4.02K 1% 1/4 w
1 X988620-88 Resistor A-B CAH 32.4K 1% 1 /4 w
1 169975 Cable Hughes - -

1 169976 Cable Hughes - -

1 169951 Cable Hughes - -

1 169946 Terminal board Hughes - -

1 209185 Support Hughes - -

16 169944 Tab Hughes - -

16 169943 Tab Hughes - -

8 988701-1 Diode Hughes/PSI PS4585/HD4816 -

192 805168 Solar cell module Hoffman B120CG 5 cells per module




WIRING HARNESS, 496602, ONE PER SPACECRAFT

Hughes Commercial
Quantity Number Item Manufacturer Number Note

5 X988201-11 Connector Cannon - -
4 X988201-12 Connector Cannon - -
3 X988201-15 Connector Cannon - -

10 X988201-1 Connector Cannon - -
1 - Receptacle Deutsch DM 5610-35-085 -
1 936909-1 Jack - - -
1 X988207-47 Connector - - -
1 X988601-135 Resistor A-B CB 1 meg 1/4 w 5%



Resistors
- Quantity
o1
47
550
240
33

14
2
)
2
8
2

Total 914

Capacitors

232
. 2
96
261

115
39
20

102

Appendix III

SYNCOM I PARTS LIST SUMMARY

Description

Carbon Composition 1 watt 5%
Carbon Composition } watt 5%
1
1

Carbon Composition watt 5%

Carbon Composition 1/10 watt 5%

Carbon Film 1/8 watt 1%
Carbon Film 1 watt 1%
Wire Wound Power

Wire Wound 1/10 watt
Carbon Film

Film watt 1%

Wit

Film 1 watt 1%

11 Types

Ceramic
Ceramic
Electrolytic-Solid Tantalum

Glass

Variable~trimmer

Feedthrough-ceramic

Ceramic

Manufacturer

Allen Bradley
Allen Bradley
Allen Bradley
Allen Bradley

Texas Inst.

‘Texas Inst.

Sage

Ultronix
Mepco

Allen Bradley

Allen Bradley

Vitramon
Erie
Kemet

Corning

Johanson

Erie

Allen Bradley

Type No.

GB
EB

TR
CG1/8
CG %
SA2W
103A
NF85
CAH

GAH

CYFM &
CYFR

CB11RE102J



Capacitors (Cont'd.)

Quantity
13
9
21

Total 910

Description

Paper
Capacitor
Capacitor

11 Types

Inductors (Coils)

196
19
11
26

Total 252

Transformers

44

9

4 Types

R.F.

Power

Manufacturer

Sprague

Elmenco

Delevan

Hughes

Coast Coil

Hughes

Hughes

Type No.

118P
909088-51

HRDM-20

1537



Diodes
Quantity Description Manufacturer Ezgg

10 PSI PS4261
2 Hoffman HU100
2 IN2934 Hoffman

34 Hughes/PS1 HD4816
2 IN1202 Westinghouse
1 IN472 4V.Zener PSI
4 Varicap Microwave Ass. 4325F
4 Varicap PSI PC4006
2 Varicap Microwave Ass. 4325D
4 Varicap Microwave Ass. 4355A
4 Varicap Microwave Ass. 4355C
10 IN3062 Fairchild

10 IN485B Hughes/Rheem RD1817
36 Rheen RD500
1 8V Zener Hughes HZ8839
45 IN3062 Fairchild FD1148

421 Fairchild FD300
2 IN938 Motorola

(Fairchild)

2 IN3022 Motorola
3 IN3189 Motorola
2 Varicap PC117
2 4V Zerer PSI PS4249
4 Varicap PSI PC115-110



Diodes (Cont'd.)

Quantity
2
2
1
1
Total 614

Transistors

2
10
47

6

145

47

S N

48
1

Total 330

Description

IN198

IN748A

28 Types

TIX2150(SP352)
2N708

2N722

2N871
(spP345)

2N707A

2N1506

2N1405
2N1411
2N1724

2N1141

2N1041-Z
2N2185
2N1709

16 Types

—

Manufacturer

Hughes
PSI
PSI

Motorola

TI

PSI
Fairchild
TI
Fairchild
TI
Motorola
PSI

TI

TI

TI Fairchild
TI
Philco

PSI

Type

4243

SR396

S4979
2150
54967

TIX2150

SP341
GNO150
54967

GP422-2

PRT673



